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8.7 FLIGHT SCHEDULE

Included in support of our flight schedule definition for concept llOA-1
are the following tables:

o Fleet Size and Vehicle Usage

o Flight Element Requirements

o Kick Stage Definition

o Payload ID of Payloads Flown

o Flight Operations Buildup

o Programmatic Data Sumaary Storable Tug Concept IIOA-I

I-g, 7--I
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8.-9-- Risk Assessment

In making an assessment of the risk associated with each configuration in

each capability option we have considered the type of technology items associated
with each vehicle and the impact that it would have on the program if, for one

reason or another, the item would be unavailable and an alternative solution would

be required. The impact is defined, usually, in terms of added weight, lost per-

formance and total pro_ cost increase; in mcme cases the impact can be decreased
weight or reduced cost.

It is asaumed that ell of the weight increases and all of the cost increases

will occur simultaneously without benefit of any offsetting decreases in either

weight or cost. For exmnple in configuration IIOA-I we have assumed that the +4 lb.

weight impact of abandoning sl_un aluminum ta_ks in favor of welded aluminum tanks

is combined with a $i0.0 million cost increase as a result of abandoning aluminum

tanks in favor of titanium tanks due to materials compatibility or fracture mechanics
issues.

Taking the s_mmation of all the weight increases, these are converted to costs

by using the S75K/ib. figure derived when we were first selecting subsystem options

for incorporation with IIOA-I. The $7_K/ib. number represents the last step
(actually the slope of the line) in our subsystems synthesis process which provides

a curve of A weight versus _ total program costs as we added lighter and more

costly subsystems options to achieve a behicle with 3500 lb. deploy capability. In

this manner we arrived at a estimate of the costs expected if we had to recover the

weight grmrth.

In similar :fe_hion we then _ed all of the potential cost increases, ignoring
any offsetting cost decreases, and added these to the dollars representing the weight

increases. The IIOA-I has no projected performance loss since it uses the OME 7.5K

engine; the assumption is that the basic ONE will have been developed to meet its

weight, performance and reusability goals for the Shuttle Orbiter. In the case of

configurations which use the Class I engine, for example _IOAD-2, we have assumed

that a S second Isp performance loss is possible. To convert this performance loss

to costs we use the pa_load sensitivity factor to loss in Isp (97 ibs/sec), divide

this by the ps_load sensitivity to inert weight and then multiply by $111/ib. to
convert it to costs.

Taking all of the costs and adding them together we get a total low cost risk

value of $15.3M for IIOA-I which ranges to a high value of 94.3M for 320A-3A/
_OAE-3A.



8.10 RISK ASSESSMENT (continued)

Where no suitable alternative exists (for example the Class I engine,

or the laser radar, or the Space Storable SRM) we have identified that

item as both a cost and a schedule risk without attempting to quantify

the risk. In general, we are relying on the successful completion of

the proposed SR&T programs to reduce or eliminate the risk of schedule

slippage.

Taking configuration IIOA as an example:

IIOA-I: This is an extremely low risk program with only two items

representing a technical risk, the spun-form aluminum tanks and the

prestressed filament reinforced (FFR) helium tanks. Both of these

items are low risk and both have suitable, low risk alternatives
available.

The incorporation of separate tanks (rather than the nested tanks

us@d in the other configuration_ further reduces the risk associated

with this configuration. Level III (rather than Level IIB) autono_

also reduces the risk since there is no reliance on the 621B Navigation

Satellite program. The ONE 7.5K engine is the lowest risk engine

program available, so its use on llOA-1 further reduces risk. The use
of scaled-up LM batteries rather than fuel cells with their associated

cryogenic storage tanks and valves is again the lowest risk approach

available for providing electrical power. The aLl-aluminum structure

is the lowest cost/lowest risk approach available. The short mission

duration (34 hours) eliminates the need for multi-layer insulation

(MLI) on most of the external surfaces there minimizing the risk of

damage to the MLI during vehicle ground operations.

Since the llOA-i does not have to communicate with payloads it has the

the lowest risk communications equipment, a dedicated frequency station,

to develop. Although our current approach includes making the co_nunica-

tions equipment compatible with the NASA Tracking and Data Relay

Satellite System (TDRSS) an option which can further reduce risk, is to

eliminate the requirement for this equipment to meet the spread spectrum

and CCIR interference requirements associated with TDRSS. The modifica-

tions of an existing IMU (the Carousel VB) and an existing computer

(the CDC 469) are again the lowest risk approach identified in the GN&C
_d DMS areas.

Although the use of an apogee kick stage (AKS) to deploy heavier pay-

loads reduces the sensitivity of the configuration to inert weight

growth or Isp loss, it does add complication to flight operationsj in-
creasing risk. Elimination of the AKS can further reduce the risk of

this configuration.
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Section 8.10 Supporti_ Research and Technology

This section includes a sun_ary matrix chart which identifies all of the

SR & T items and where they are applied to each configuration in each capability

option.

Following the susm_ matrix there are individual tables for each configura-

tion which summarize the technology items for that particular configuration and

give a very brief synopsis of the type of SR & T program proposed and the estimated

fund_ and schedule requirements. The text following each table is the facin@

page text prepared for the main presentation.

Following the tables for each confi_tion, an additional form is filled out

for each technolo_ item providing status information, Justification for the pro-

posed SR & T program, objectives, technical approach, and a more detailed schedule

showi_ when the proposed pro@wna must be completed in order to support the parti-

cular configuration.

In dealing with the subject of SR & T we have identified two distinct groups -

one where technology is needed and the other where there is no doubt that the

technology is available and it is a straightforward engineering task to accumulate

_ta that will preclude making a "false start" where several alternates are under

stu_V; we have called the latter group "desired da_".

2he _torable Tag will benefit from the fast that the APOLLO LM program has

woed_s_l_r _zd_-rials, propellants, equil_nents and procedures; the Shuttle
Orbiter will expand on this data base for the Tug. The low number of identified

SR & T items and the mode stst_s projected are based on the assun_tion that several

existing or planned efforts related to the Shuttle will conti_e to provide data.

These include the planned propellant and materials compatibility testing in support

of the Shuttle Orbital Maneuvering Subsystem, its engines, tanks and components

both at NASA/WHTF and at the Shuttle contractor's facilities. In addition, we have
identified the Air Force funded efforts to develop the advanced Micron I_ for

aircraft pro_as an effort which we would build-on rather than to start from
scratch.

We have not attempted to detail the SR & T programs required on the Class I
engine (with or without the two position nozzle) except to point out the uncer-

tainty associated with the anticipated engine life and the predicted performance

of very high expansion ratios within the mixture ratio of interest. The engine

contractor will provide the proposed SR & T efforts required on the engine

and we will provide comments on same at NASA's request.

The overall-"message" which we hope will bec_ obvious to the reader is

that there are no real "show-stoppers" among the SR & T iteas identified.
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8.11 SPECIAL COST SENSITIVITIES

8.11.1

8.11.2

8.11.3

8.11.4

8.11.5

8.11.6

8.11.7

8.11.8

8.11.9

8.11.10

8.11.11

8.11.12

8.11.13

8.11.14

AUTONOMY

0.97 RELIABILET/REDUNDANCY ANALYSIS

30-DAY MISSION

DOD COMMUNICATION REQUIREMENTS

PAYLOAD COMMAND CONTROL AND CHECKOUT

ELECTRICAL _ TO PAYLOADS

DESIGN LIFE

SPIN STABILIZED PAYLOAD RETRIEVAL

RENDEZVOUS AND DOCKIND

NESTED DOME VS. SEPARATE TANK

IN-FLIGHT PROPELIANT DUMP

MAIN ENGINE SENSITIVITY

USE OF RDM IN OPTION TWO

SENSITIVITY TASK RESULTS SL_94ARY

II--I



_._l I. l- Ground/0nboard Auton_ Trade Stud_

The results of our autonomy trade study is presented in Figure /

and concludes the following:

o Auton_ny level IV is best suited to Option i concept llOA-i

o Autonomy level II is best suited for Options 2 and 3

where Option B starts with level HI and evolves to level II.

The level I systems degraded performance resulting from the slow con-

vergence characteristics of the Horizon Scanner/Star Tracker system

makes this system unattractive. Our performance studies to date on

this level I system have been preliminary in nature and we
recommend that NASA and D0D initiate SR&T studies which combine a

detail navigation anal_sis with a complete vehicle performance evalua-
tion.

The level II system selected in our baselines requires the use of the

621B NAV SAT. This introduces significant schedule risk and technology

issues. This NAV SAT system has sufficient coverage for spacecraft

below 2000 N.M., introducing as a result the need for dedicated ground

beacons (1-way doppler> for high altitude TUG operations. It is

reccmnended that the interferometer approach which utilizes undedicated

RF sources as landmarks be considered as an option.

The level III system is a compromise approach. It introduces high

development and operating cost for software for both the ground and

on-board computer systems.

The level IV system is attractive for Option I due to low development

costs. The high ground involvement and costs precludes the use of

this approach for the more complex Option 2 and S programs.

Figure -_ summarizes the cost sensitivities for the three concepts

evaluated. Figure -S outlines the weights and performance.

Figures - _4 _thru _ lists the weights, DDT&E costs and

production costs of the avionics systems used in the sensitivity
evaluation.

-r..... / -/
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E

pER,,FO_MANCE _Nh, LY'St_ I::OR, _ERVICING ,_tlS_tON : rv_O_l_ "_

CONFIG. CONCE°T 4"lOAD- Z

II-,STG SERVICES 4 PL--PEPL, PARTS 8 O|SC

DV _IAIN DV ADS

| TH=U ST ST

6 T3Z .

t I _CC

15 _0!

20 T = !

Oo 0 _ 0.0

7424,. 0 • 0.0

,_ 03-0- * 2 2-;-0

,1= 5874.0 * o.0

30.0 • o.o

• o. 0 _' b;l

_1, 0.0 • 35.0

0.0 ,1= 8.0

_, 47. 0 • 0,,0

0.0 • Oe2

23 _CC

26 T:)F

29 D3C< PL |

---'_UST FR PL t

39 _)3 I

• 3 qCC

47 q3!

S| T :_ !

54 _CC

57 T:)F

60 D3 CK PL 2

66 TH=UST FR PL 2

I'0 _3 1

74 _ICC

7B _3!

,1_ 4.7.0 • 0.0

30. 0 = 0.0

s , 0.0 _, 0.1

v 0;-0-_ ...... 35;-0

4, O. 0 _1, 8.0

V 0o0 • lO.O

_, I I 0_-0 _, 0-;-0

4, 0.0 • 0.3

llO*O _ 0.0

•B2 T ") |

85 _4CC

_J8 T)F

0,0 • O.l

0. 0 • 35.0

_. 0_-0 * 8 .-0

0.0 • 10.0

4. 54,, 0 • 0.0

• 0 ;, -0--'_ -0.-2

,'54.0 • 0.0

30.0 • O. 0

• 0.-0- *'" O.f
V 0.0 _. 35e0

0.0 ,1_ 8.0

• 0--0--i_ ..... ! 0_-0

91 D3 C< PL 3

97 THRUST FR PL 3

,1=_ )3 I

• _ qCC

• 03C< _L. 4 '

,I=_ T3 I

,_,_ qCC

=4, 03 !

_,_= _ICC

_=_= CI_C

• 11=11=' ADJ

,1_= C3_ITINGENCY 1..7(

TOTA. S

• 597_. 0 * 0.0

_1, 0.0 • 17cO

• 37 50-,--o-- • -o.-_-
0,0 V 11.0

_1, 4376.0 _ OeO

• 473.6 • '" 0,0

2 83-t-3-.-6_-- _i...... 2-76-;

+



7tJG -IE 1GHT'H | STC I;¥

CONF[G. CONCE;:|T 4lOAD- _..

I-STG SERVICES 4 OL---REPL. :)ARTS 8 DISC

1 tHrUST ST * 6372100

2 `48 REt. EA._E ST $ 6372100 *

3 #B $ 6372100 1"

4 S_Ew IMU" TOI * 6372-0.-_

5 q_ [MU TO[ * 6370107 *

6 l T3 I * 63701 • 6

7 FC _ EACT _. UPS VENT * 321 060 0

8 WB 1" 320870 0 *

9 S.E# MCC i 3208608 $

! 0" _IB _CC * 32001-.¢-__

I | ,4CC * 32081,9 *

12 _B * 3198705 *

13 S_E# I_U MO[ * 3198702 1"

14 N_ IMU UOI $ 3197706 *

I 5 _4J [ $ 3197704 II,

•.6 FC _EACT ¢ UPS" VEN"r----I ..... I_63-2-;--0 •

I 7 #B I, 18533. 0 *

18 S_EW TRACK * 18531,4 *

19 NB TRACK * 1851--r.4 •

20 T=PI $ 18516.0 *

21 S.E'l TRACK $ 18465.0 1"

23 qCC * 18450.2 $

24 SLE# TRACK * 18449, g *

25 `48 'rltAC< 1" 18_,36;-0-_-
26 T:DF * 18435.1 1"

27 S_EW DOCK $ 1834809 1"

---2-8 NB OOCK *-----1-83 2111--_

29 O3CK PL 1 11, 18320,9 i

30 ACD mL ! * 1830103 1"

31 w_ $ _33-0_1- _-3 1"

32 S. EW DE¢=LOY $ 23301.0 1"

33 _IB DEc_LOY * 2325705 *

DLT PAY #T _FT PRO--MAIN PRO-APS

• 7,1"**** **:***,1", .,,1"1",,1", ********
0-_,-0 --_ --63721-o0---41 .......... -O-.O--* ......... O" * 0 ....

D*O _ 6372100 $ 000 i 0.0

000 t 6372009 * 000 * 000

0".0-_" - 6370i.-7-'I ...... -0 ;0-'-* ....... 191-3--

0.0 $ 63701.6 * OeO * 0011

000 $ 3218600 1" 3151506 *" 0.0

0--0--_---32087.-0--I 0 _ i 0,0

0.0 $ 3208608 * 000 $ 0*2

000 4 3208109 $ 000 1" 4*8

-0-;0-- _ - 32 08-i-e_9-'--i-_ ..... 0-_0- 'i ......... -0; 0---

000 $" 3198705 * 0,0 * 9404

000 * 3198702 * 000" "* 002

000 *. 3197"/'.6 i 0.0 $ 907 '

000 :* 31977.4 i 000 1" 002

000 i 1863200 $ 1334504 * 000

0 ;-0--_----18533.-0--N 0 ;0 "-i" -0 ; "0------

000 :* 1853104 * 0.0 * 106

0.0 $ 18517*4 * 000 * 1400

000 _--i-851600 1" 0 00 * lo5

0.0 :* 18465.0 $ 51.0 * 0.0

000 i 1845160 i 000 * 1309

0.0 $ 1844909 1" 000 _.

000 :l 18436.0 * 000 1"

• 0¥0 -:*--i 8435; 1--1" 0.0--_
0.0 _ 1834809 1" 0.0 *

000 i 1832101 * 000 *

.... 0"00 - :*" - 1 832019-i----- _ "0-,-0--_ ....

000 * 18301,3 * 0'00 1"

500000 ,I, 2330103 t 0;,0 •

0 • ()-- q--- -23301 .-0--

000 * 2329705 *

000 _ 23297.5 *

O18_
0.2

1309

0_8----
.86.2

2707

35 THRUST FR PL 1

36 WB

" 37 S. EW [MU POI

38 `41g [UU oOI

39 =3 [

4 I $. EW UCC

42 '48 eCC

43 _ICC

44 #_J

45 S.E# I54U MO!

"-_-(_--el-5 l._U-_-bi

4? ,4]I
48 _;8

so4° S.E*,_BTRAOcT"AeK'Z--_"//,3-¢,

51 T:[ $

i ..... 232_715* .... -15172-o6-i -1812519 #----

0.0 i

0.0 I1'

0._ 1"
0-. _-

1" 18125.9 i 000 i 1810106 * 0.0 *

$ 181 G106 * 000 i 1810105 * 0*0 *

i 18101;-5- 1" 000 :* 18100.-2_ 000 *

$ 1810002 *. 000 _ 18100.1 $ 000 i

$ 181 0001 * 000 * 1802201 * 78.1 $

i i8022,i--* 010 :* " 18003*7--_ ......... 0 * 0 -- k _ ......

• 1800307 * 000 * 1800301 * 0*0 *

• 18003.1 $ 000 _ 18003.0 t 000 *

$ 0 00-i: ....

• 0.0 *

• 1798401 * 000 *

i-- 179-8208--* ...... O--; 0 " l*

• 17982.8 * 7706 *

• 1790502 * 000 *

17903.1 1" 0 00--_

178990 8 *

17898,3 *

180-03. 0--4;- ..... 0.0 * --18002.-5 1"

180020 5 $ 000 _t 1798401 *

000 _l 17982.8 1"

....... 01-0 :*.... 17982;8 -i

000 _ 1790502 *

000 ,_ 17903.1 $

0.0 _ 'i789g-_8-*

0o0 =l 1789803 *

000 :* 17849,0 *

000 $

49 03 *

0;2--

1906

000

305

000

" 0 i 0 ....

2403

0.1

1-;-3
0.1
000

18 .-4 --

0,?

0o0

0.5- --
18.4

103

0.1-_

0.0

201

3-13- _
1,5

0,0

53 _IB TRAC< * 1784.5.7 * 0.0 i 1784402 * 0.0 $ 105

54 _¢CC $ 1784402 * . 0.0 $ 1784400 * 0.0 * 0.2
.f
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....... I_;;R_ORM,_NCS. AN_,LY%_S ;:O_ _E.P, WC_,,,IG M_SSIo," MODE. ]I.
TUG DELTA-V BIJOGEI'

E
CONF IG, CONCEPT 4 lOAD-

|-5TG S:IVC5 4 DL IN GEO-e-'--BRG PRTS BK

1 1.HPU ST ST

6 T3 !

' "1 ! _ICC

15 _43!

20 T= [

23 _CC

26 T3F

29 OOCK PL 1

DV MAIN DV APS

0.0 4' 0.0

4" 7424. 0 ,I, 0.0

4" 0%-0_,_ ...... 22 _. O

5874.0 * 0.0

_' 30,0 4" 0.0

4" O. 0 4' O;-t

4" 0.0 4' 35,,0

4" 0.0 _, 8.0

_-_UST FR-PL 1

39 1_3 I

43 _ICC

4, 0+;-0---+ - --- [+0;-0-

4" 4.7. 0 _' 0-0

m 0.0 + 0,,2

47, 0 4" O. 0

4" 30, 0 _' 0,0

4" 0,0 4" 0.1

• 0;-0--4"---+3 5-, O-

+ 0.0 * 8.0

4" G. 0 '_ 10.0

4T _O!

51 T_ !

54 qCC

' 57 T:_F

60 0"1 C< PL 2

66 THRUST Fg PL 2

'70 ='3 !

74 _4CC

78 q31

,_2" T:)I

85 t*CC

88 T=F

9 ! D3C< PL 3

07 THPUST FR PL 3

**4" PC) I

_'_ qCC

t$ T 3 I

4'* _4CC

_$ T:DF

,k_, DOCK PL 4

i_ TH_OST FR"PL 4

4,4, T:_ [

4,4' _CC

4"_ _CC

_,t CI_C

** C3'_T INGENCY 1.7(

1 L0;,-0--*_- .... -0_,--6
0.0 $ 0.3

110.0 • 0.0

• --3-_. "0- t- 0 ,,-0

+ 0.0 • 0,1

0.0 4" 35,0

0.0 _, -8_-0

0.0 _ 10.0

54,0 4" 0.0

_, 01-0--_ 0-.2

54.0 • 0.0

30,0 _ 0.0

1.0TAL5

6,;"0--+ ....... -0,-1
0.0 • 35,0

0.0 • 8.0

• O.O--*----i+O • 0

5874. 0 _ 0.O

'_ 0.0 • 17.0

4" 3Tsd; 0 4" 01-0

• 0,0 * 11,0

4376. 0 _ 0*0

_.--'0 _, 13-,-_)+
_X 473,6 • 0.0

28313.6 276 +. I



WT BEF

6372100 *

6372100 *

6372100 *

6372-C.g

636S_o 7 *

636580 6 *

321 e4;,-5 *

32060.8 *

32060,5 *

3205409

3196C, 6 *

3196003 *

31949,2 *

319490 0 *

000 '; 3218405 * 3151401 * 0.0

0";0-'_ .....32060,8--_ 0 00 * 0_,-0--

000 :t 3206005 * 000 * 002

000 _ 32054.9 * 000 * 506

.... 0410 _--$--- 3205_.;-9=-_ ..... 0 --0---_ 0_0----
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No.

• GN_C
* - IMU (Micron) 2

- Star Tracker 1

- Laser Radar 1

-Satellite Rcqm 1
- Dopier Z
- Cmnbiuer Doppler Det 1

* - APS Cont Elect 1

- M_/TVC Cont 1

- S-Band Ded-Rcvrs 2
-Xmitter i

* - S-Band Sel-Revrs 2
* -Xmitter i
- Aux. Xmitter i

* - Power _p I
- Po_r Amp 1
- BB Processor 1
- Ant. Swltch 1
- TV Assy. 1
- Secm_ Cc_ 5

egl_3
* - Co_puter 2

- Tape Recorder 1
* - FSI Cont_olle¢ 1
* - DAGg 3

* - Sensors 190

Z.IOAD-_,,,BASELINE& ON-ORBIT SEaVICnlQ
MIS_ZON POWE_ REQUIREMENTS

Power

15
28
35
85
10

4
13
15

8
34

8
34

20
100

4
1

10
8

39 100

8 75
23 IO0
21 100

0.i i00

._ONIGS SgB..TOT_

_ASELINE
Duty Avg.
Cycle Power
% or (Time) (Watts)

100 30
50 14

(am) z
5 5

15 2
15 1

100 13
(:Urn) -,%-

67

100 16
25 8.5
25 4
25 8.5
10 3.5
25 5
I0 i0
100 4
Neg. 1

iO 1
I@I00 16

3e 25

i@ i0 __

78

6

23
63 •

_12
189
334

eAPS
* - Catalyst Heaters 24
8 - Thruster Assy 12
- Thruster Isolat. 2
Valves

• _S
- Lo Level Sensor 1

- Engine Heater i
- Engine Valves,Pre Valw4
- Gimbel Drive Actuators 2
- Pre-Valves 2

83
24.
7O

2
40
32
90
32

zoo 83
- 4

- .r..
87

i00 2

i00 4O

i },__
47

UTILIZATION EQUIP. SUB-TOTAL A/_

e_S

* - Dist. & Control - - I 100%
t

TOTALEQUIP _ l_.J. ._ , I _ ' s :_. 515

SERVICI_
Duty
CT e

Avg.
Power

(Watts)

i00
20
(sm )

5
15
15
35

i00
i0
i0
iO
5

i0
5

100

Reg.
IO

I_L00
3elO
le 5

IGX00
i@i0

5O
i00

2(170
le3O

I00

I00

793_S +
Ens_armup

30
6

i
5
2
i
3

_L
_9

16
A
2
4
2

5
4
1
1
12

4

19
125
227

28
4

..T---
3r-

2
8

1
m

IX
270

29/
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T.5K.

Engine Sensitivities

NON qUAntITATIVE FACTORS

The OME 12K engine represents a greater tec.hnical risk than the OME

The 12K engine requires strengthening of the injector manifolds, prop

valves and glmbal ring. The injector manifold volumes must also be increased.

The thrust chamber/injector assy. of the 12K engine has a cycle life capability

of 300 cycles as compared with 750 cycles for the OME 7.5K. In both cases, the

£urbo machinery and gas generator are being designed for 300 cycle life

capability.

41OAD-2 \

(1) _6B,_,

o The 8096B-2 represents a lower technical risk than the Class I

• because the gas generator and turbomachinery are the same basic design as the

existing 8096 hardware, _hereas, the Class I engine is a totally new design.

o The 8096B-2 presents increased operational/contamination prob-

lares. During the initial operational phase ( I year) a flush and purge of

the engine is required after each flight. Thereafter, it is required -_very_th

flight. The 8096 SIO2 coating on the T/C walls and hydrocarbons from the

turbine exhaust represent contssmlnation probl_ns to the cargo bay during re-

entry. The 8096 engine requires draining and replacing the gear box lube

oll after each flight.

The 8096 engine presents a slightly greater post-flight safoty

hazard in that start tanks contain GN2 gas at IOOO psi pressure as c_-

pared to I.5 Ib of propellant at 50 psi. in the class I engine.

(2) Class ,II

o The Class II engine represents the highest technical risk of

any of the eng_-_e designs. It is the only design _hich requires an advance

J- 8,- / i, i.i -/c, ..... -__ .
I



in the state-of-the-art. It is a staged combustion engine operating at

1200 psia Pc and SO00°F combusti_ chamber _ temp.

o The Class II engine presents increased operational/contamination

problems. In order to perform maintenance/refurbishment the turboprop/thrust

chamber (which is an in-line configuration) must be removed from the engine

mount.

The baseline Class II engine uses Silicone oil to provide the

cooling margin required to operate at the wall temp. of BOOO°F. The SIO2

coating on the T/C walls, which results frum its use, presents a contamination

problem to the cargo bay during reentry.

The Class II engine presents a slightly greater post-flight

safety hazard in •that the start accumulators contain 7.5 lb. of propellants

as compared to 1.5 lb. for the class I engine

310-3A

Same as 410AD-2, Item (I).

310-3A/31ORE-3A OME 7.5K --_ Class I

Engine/Vehicle Interfaces

o Thrust mount attachment and pump inlet positions are identical.

Pump inlet diameters are close enough to be considered identical. Since OME

7.5K has boost pump on ox_ side only (Class I has boost pumps on both sides), a

3.5 inch spool piece must be used for the interim vehicle.

o Provisions for gimbal actuator attach points must be included

on the interim vehicle for use with the Class I engine. The OME 7.5K is a

throat gimballed engine and gimbal actuators are contained within the engine

assy.

/ -//

- --



o There are minor, easily handled,

of the fluid and electrical panels.

differences in the positions

NOTE: This concept results in the unusual situation of replacing an

engine design with superior cycle life capability (T/C life is

750 cycles vs. 300) with one of lesser capability.

310RE-3A, 310-3B & 310ARE-3B

Same as 410AD-2, Item, (I).

510A-3B & 510ADE-3B

o The 8096B-2 represents a higher technical risk than the (X_E

7.5K engine because it includes modifications to the injector, shortening

of the combustion chamber and recontouring the nozzle.

o The remaining items are the ssme as 410AD-2, Item (I) except

the OME 7.5K engine also presents a problem of contaminating the cargo bay

with h3mlrocarbons.
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8.12 DOD ACQUISITION APPROACH

110A- I

The validation phase serves to validate and refine the

program characteristics through study and analysis, hard-

ware development and prototype testing. SR_T activlties

are also initiated during this phase to assure an orderly

progresslon into the Full Scale Development Phase.

During the Full Scale Development Phase the vehicle test

program will be implemented to demonstrate by actual

performance testing that the contractual requirements have

been met and all major problems have been resolved. The

major emphasis at this time is our ground test program

which utilizes four major test articles/facilities and

mockups. These ground test articles, including the

Propulsion Test Vehicle, Structural Test Article,

Integrated Avionics and Software Development Facilities

and the test programs, are geared to providing assurance

of a successful flight test program. The flight test

program is the final verification of system design and

operational capability and includes a dedicated First

Orbital Flight (FOF) without payload followed by operational

flights. Flight test data will be acquired on five of these

operational flights which have been selected and scheduled to

demonstrate Tug capability in a build-up fashion. By the

completion of the third flight, however, sufficient

confidence will have accrued to verify Tug system capability

including ground operations and mission turnaround to allow

for a production go-ahead. The Full Scale Development Phase

will end after the sixth and last flight test. The two

flight test vehicles will continue payload flights during the

initial part of the operations Phase. Subsequent flights will

be performed by vehicles delivered during the Production

Deployment Phase.
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_S E I/_4ENT

320-01 ProJ. Management

320-02 Syst Eng & Integ

320-03-01 Structure

320-03-02 Thermal Insul

320-03-03 Avionics

320-03-04 Propulsion

320-03-05 Orbiter Inter-
face

320-03-06 Drop Tanke

320-03-07 Final Assy &

c/o
320-04-01 Structure

320-01_-02 Thermal Insul

320-04-03 Avionics

320-0h-0_ Propulsion

320-04-05 Interstage

Interface

320-04-06 Drop Tanks

32o-04-o7 RDM

320-04-08 AK]S

320-O1_-09 DKS

320-04-10 Cache Tank

320-O1_-11 Fln8iAssy &

c/o

320-05 Logistics

320-06 Facilities

320-07 GSE

320-08 VehicleTest

320-09 Launch Ops WTR

320-10 Launch Ops ETR

g,15 ESTI_ATING TECJ_rIQUE AFFIXED

DDf&E FRODUCTION OFN

Same as DVfP,Z S_.e as D_&ECER'B Based on IM Fxperience

Same as 320-01

CER's Lower Level Analysis

Same as 320-03-O1

Vendor Eat/Manpower/Wrap-
around

Gov't Eat/Vendor Est/Wrap-

around

CER's Vendor Est/Wraparound

./A

Same as 320-O1

Same as 320-O3-01

Same as 320-03-02

Same as 320-03-03

Same as 320-03-0_

Same as 320-03-01

_/A

Gov't est, CER's Vendor

Eat, wraparound

Same as 320-04-07

Same as 320-04-07

./A

Same as 320-03-07

CER's

CERts

CER 's_and End-item analysis

CER 's,Manpower Loading

N/A

./A

l-f.l%-1

Same as 320-01

Same as D_&_

Same as 320-03

-O1

Same as DDT&E

Same as DDT&_

Same as 320-O1

Same as 320-O3

-01

Same as 320-03

-02

Same as 320-03

-03

Same as 320-03
-04

Same as 320-03
-01

Same as DNT&_

Same as 320-04

-0T

Same as 320-04

-07

N/A

Same as 320-03

-07

Same as DPT&E

Same as DRT&E

Same as DDT&E

_/A
./A

_/A

Same as 320-01

./A

N/A

N/A

S_._meas DI/_&E

_/A
_/A

N/A

./A

./A

./^

Same as 320-03-04

./A

./A

Same as DDT&-_,

Same as 320-01_-07

Same as 320-04-07

./A

./A

S_me as DHT_

Same .s DDT&E

Same _g DPT&_

./A

Manp_er Loading

Manpower 1_adlng



WBSEI_ENT
320-11 Fit Ops DOD

320-12 Flt Ops NASA

320-13 Ref & Int, Ist TR

320-14 Ref & Int, 2nd TR

D_&E

CER's & Manpower Loading

Same as 320-11

N/A

./A

,.|

./A

I_ODUCTION OFN

Same 0_ ])Vf&_

Ssme as DFff&J_

Monpower Loading

M,%npowe r Loading



COST = A (BASE)B

SE &E

STRUCTURE

SFUN AL. TAWKS

TI TANKS

BODY SHELL

T1[RUST STRUCTURE

METEOROID SHIELD

PAYLOAD INTERFACE

PROFULSION

ACFS THRUSTERS

ACPS SUPPORT

EPS WIRING

ORBITER INTERFACE,
STRUCTURE

FINAL ASSY & C/O

Y- S. 5-5

A

BASE DDT&E

VEH COST .i

LESS ENG.

VEI{ COST •13

LESS ENG.

WEIGHT

12J_

140

25

5.5

5.5

37.2

Vhq_OR 2
COST

VENIX3R 2 ._

COST

(WEI_iT) 39.7

WEIGHT 5.5

VEH COST .5h

-7

.09

.O8

15

21_.3

2.8

o.h

.h7

3.h

1.66

Z.8_*

°18

B B

DDT&E I_OD

1 1

1 1

•71 .61

•71 .61

•71 .61

1 1

1 1

1 i

.7 .7

.7 .7

1 1

1
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8.1.1 SUMMARY PROJECT SCHEDULE

Introduction: The Storable Tug Project schedule was

developed to identify the principal project phases and

to establish schedule estimates for all hardware and soft

ware elements in accordance with the Space Tug Work Break-

down Structure.

The Tug Project Schedule depicts major program milestones

and presents project activities at level 5 of the WBS. Tnis

schedule establishes the planning baseline for development

of the Storable Tug System through design, development,

mmnufacturing, ground test, flight test and operations. It

integrates all supporting schedules into an overall project

level plan and establishes the sequence and interdependency

of activities and events required for the development of an

operational Space Tug System.

Groundrules and Assumption__s: Foll_aing are the ground rules

and assumptions used for development of the Storable Tug

Project Schedule:

o ATP is October 1975 at the earliest for Options I and 3.

ATP for Option 2 to be determined by the contractor.

o Schedule planning is designed to minimize peak annual

funding during DDT&E.

o Main Stage DDT&E requirements consist of the following

major test articles:

- A structural test article (STA) for dynamic, static

and fatigue tests.

A main propulsion test vehicle (PTV). Following the

completion of live propellant testing the PTV will be

refurbished and delivered as an operational flight

vehicle.

- One shipset of Avionics hardware for the Integrated

Avionics Test (IAT).

- A flight test vehicle (MS-I).

o Operational fleet sizes for each project option are based

on a study of traffic capture models.

Production rate of vehicles is based on avoiding duplic-

ation of major structural assembly tooling and minimizing

gaps in manufacturing flow.



Initial operational capability (IOC) is achieved after
completion of one test flight (FOF). IOC dates are as
follows:

Option 1 - December 1979

Option 2 - December 1983

Option 3 - December 1979 - initial, December 1983 -

evolved.

o Maximum number of flights in 1980 is 3, based on the

Shuttle traffic model.

Approach: Based on the above groundrules and assumptions

a preliminary project milestone schedule was developed to

form a baseline for all detail scheduling. Detailed sub-

system design and development schedules, manufacturing and

factory checkout flows, vehicle test, GSE, facilities, and

SR&T Schedules were then developed in conjunction with

personnel representing the cognizant managemefft and tech-

nical disciplines. _ese detailed schedules were then summ-

arized and integrated into the Tug Project Schedule through

the process of establishing a logical and achievable relat-

ionship between the engineering design and developlaent

process, procurement of subcontract equipment, hardware fab-

rication and assembly process and the vehicle test program

that minimizes risks and ensures the fulfillment of program

objectives. Finally, the major project milestones and act-

ivities presented in the Tug Project Schedule were condensed

into the Summary Project Schedule.
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DEVELOPMENT SCHEDULES

PRODUCTION SCHEDULES

The detailed Project Schedule depicts the total develop-

ment and production phases for the Main Stage and the

Auxiliary Stage(s). The detailed Project Schedule is

based on a constraint logic that considers overall

program objectives and the detailed interaction of

constraints on significant program activities. It

provides reasonable margins for development problems and

minimizes program front-loading.

The detailed Subsystem Schedules provide an order of

magnitude increase in detail from the Project Schedule And

depict the subsystem activities in both inhouse and

subcontractor areas. Subsystem schedule information is

presented at WBS level 6 for Structures_ Thermal Control

and Orbiter Interface, and at WBS level 7 for Propulsion

and Avionics subsystems.
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8.1.4 01r_RATIONS SCHEDULE

8.1.5

Scheduled and planned for concept 410AD-2, option 2 are 30

launches per year with 12 days between launches. Ground
servicing as shown on the programmatics/cost operations

schedule from land to launch is l0 tug work days and 9 tug/

orbiter work days.

FACILITIES SCHEDULE

Included in the storable space tug facilities schedule for

concept 410AD-2 are the various tasks to be completed against

major program milestones. The fundamental grouping of these

tasks are manufacturing, test, maintenance and refurb-ETR,

ETR launch3 maintenance and refurb-WTR and WTR launch. Under

this tug concept facilities maintenauce extends into 19913
with most of design/construction/act ration ending by 1983

in support of WTR launch requirements.
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8.1.6 EVALUATION OF MAJOR SCHEDULE DRIVERS

410AD-2

Our schedule for this project option shows the start

of main engine development preceding the Tug ATP by

6 months. This is necessary because of the long

development time of the Class I engine (42 months to

PFC). Development of the Main Stage subsystems can

be achieved in the same overall time span (51 months

from ATP to IOC) as for option I, providing that the

SR&T effort for the advanced IMU and the Laser Rend.

Radar have been completed prior to phase C/D ATP in

October 1979. The critical path for this option may

be traced through the following activities:

o Structural design, including the integral,

nested tank design.

o Tank fabrication and assembly.

o Vehicle structural assembly.

o Flight test vehicle (MS-I) final assembly,

equipment installation and checkout.

o Ship to ETR.

o Prelaunch activity for FOF in December !983.

Development of the Deorbit Kick Stage will begin _

concurrently with the Main Stage development in order

to make the DKS available for deployment with payloads

in 1982, approximately 1½ years prior to the Tug IOC.

The Apogee Kick Stage, utilizing con_non subsystem

equipment already developed for the DKS will subsequently

be manufactured for deployment in December 1983 (FOF).



8.2 VEHICLE TEST PROGRAM (410AD-2)

8.2.0 Our approach to development of the 410AD-2 Vehicle Test

Program is essentially as described in Part I (IIOA),

Paragraph 8.2.0. Since the Deorbit Kick Stage (DKS) must

be available for flight approximately fourteen months

before main stage first flight, a separate and earlier

DKS ground and flight test program is planned. Table

8.2-1 summarizes the design verification approach in terms

of test verification requirements and method of requirement

satisfaction. Figure 8.2-1 presents a summary schedule of

the total 410AD-2 Vehicle Test Program.

8.2.1 Ground Test Articles - Type and Descriptions

8.2.1.1 Propulsion Test Vehicle (PTV)

The 410AD-2 PTV is as described in Part I, Paragraph 8.2.1.1.

8.2.1.2 Structural Test Article (STA)

The description of the main stage STA is the same as that

for the IIOA-I and described in Part I, Paragraph 8.2.1.2.

The propellant tanks are integral and with nested domes

which reduces the overall length to 25 feet.

The auxiliary stage for this configuration is a combined

apogee and deorbit kick stage. Its description is other-

wise the same as for the IIOA-I.

8.2.1.3 Integrated Avionics Testins

8.2.1.3.1 Main Stase Avionics Hardware and Software

Integrated avionics hardware and software testing for the

410AD-2 configuration will be accomplished using an IAT

and ASDL facility as described for configuration IIOA.

However, the 410AD-2 IAT facility and ASDL will have

retrieval capability and autonomy level liB included as

part of the initial design.

8.2.1.3.2 Deorbit Kick Stage (DKS)

A breadboard of the DKS wiring and avionics hardware and

GSE will be integrated and tested in the =sin stage IAT

facility.

12".£-2-I.
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8.2.1.3.3

8.2.1.4

8.2.2

8.2.3

8.2.3.1

Apogee Kick Stage., (AKS)

The AKS attitude gyro, velocity meter, sequence programme_

aux. propulsion and thrust vector electronics, instrumentation,

and timer/control relays will be the same as for the DKS.

Therefore the functional operation of the DKS at these inter-

faces will be modified to reflect Tug command and control

required for the AKS, integrated into the IAT and used as

an AKS breadboard for IAT. AKS/ Main stage mission soft-

ware will be developed in the ASDL.

Mockups

Mockups will be provided for both the main stage and the

kick stages as described in Part I, Paragraph 8.2.1.4. The

early deorbit kick stage mockups will be modified and will

serve as the later Apogee Kick Stage Mockups.

Fli_ht Test Articles - Description

The 410AD-2 main stage flight test article fs essentially

as described in Part I, Paragraph 8.2.2.1. The deorbit

kick stage (DKS)

required for the early and separate DKS flight testing

will be the first production unit with a DFI system tO

acquire flight test data. This article must be available

for flight test in September 1982.

Ground Test Program

This section describes the major elements of the vehicle

ground test program. The test programs described in the

following paragraphs include the Propulsion Test Vehicle

(PTV), Structural Test Article (STA), Integrated Avionics

Testing including software development, and mockups

required in support of program requirements.

propulsion Test Vehicle Program

The 410AD-2 Propulsion Test Program is as described in

Part I, Paragraph 8.2.3.1. The test schedule and manloading

is essentially the same as ll0A-lexcept it supports the

1983 First Orbital Flight. The test schedule and manloading

is shown in Figure 8.2-2. Kick stage SRM development and

qualification will be accomplished at the engine contractors

facilities as described for IIOA-I.
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8.2.3.2.2

Structural Test Article (STA_ Program

Main Stage

The main stage sTA program is as described in Part I,

Paragraph 8.2.3.2. While the propellant tanks are

integral they are again qualified separately from the

STA program to allow thorough testing, including burst

pressure, without interference with the STA schedule.

The STA is used for structural/mechanlcal interface check-

out at the launch site after completion of the test program

described for configuration IIOA-I. The manloading and

test schedule is essentially as shown in Part I, Figure

8.2-3 except that it starts in Jul e 1982.

Kick Stage

This stage is a combined apogee and deorbit kick stage

employing SRM's for propulsion. It is developed 14

months before the main stage for operations with the

orbiter or other launch vehicles. The test philosophy

is as described in Part T, Paragraph 8.2.3.2.2, as it

will be tested with fixtures simulating other payload,

main stage or launch vehicle interfaces. The kick stage

STA is preserved for additional testing if the need should

arise and for structural/mechanical interface checkout

at the launch site. The manloading and test schedule for

this kick stage is as shown in Part I, Figure 8.2-4

except that it starts in November 1981.

l_ntegrated Avionics Test Program

Main stage Avionic Hardware and Software

The integrated avionics test philosophy and test program

for this configuration is basically the same as described

in Part I, Paragraph 8.2.3.3. The testing for 410AD-2

will include retrieval avionics hardware and mission

software in addition to those tests required for configuration

IIOA.

Integrated fuel cell reactant tank tests will be required

for this configuration and will be performed at the fuel

cell subcontractor.

S. 2 o&



8.2.3.3.2

8.2.3.3.3

8.2.3.4

8.2.4

8.2.4.1

The test schedule and manloading are shown in Figure

8.2-3_ It should be noted, however, that DKS develop-

ment is accomplished early in the program to permit

deployment with payloads prior to the availability of the

Space Tug.

Deorbit Kick Stage (DKS)

The test program for the DKS will be similar to that

described for the AKS in Part _ Paragraph 8.2.3.3. The

major difference is that there is no mission software /hardware

tie between the Main stage and the DKS. The test program

for the DKS is therefore independent of the MS and consists

of breadboard integration, functional verification and GSE

and procedures checkout. This will be accomplished in the

main stage IAT facility to take advantage of common facility

test equipment. The schedule for DKM avionics testing is

also shown in Figure 8.2-3.

Apogee Kick Stage (AKS)

The DKS breadboard will be modified to reflect the AKS

configuration and tested in the main stage IAT facility

as described for the IIOA configuration. Main stage

software will include the AKS command and mission require-

merits. The schedule for AKS avionics testing is also

shown in Figure 8.2-3.

Mockups

The 410AD-2 mockup program is essentially as described in

Part T, Paragraph 8.2.3.4. The DKS mockups, however,

must be available in time to support the early develop-

ment of requirements of the DKS program.

Flight Test Program

This section describes the flight test program for the

410AD-2 configuration. In addition, the section also

includes a description of the vehicle level factory

and launch site test and checkout approach. In order to

maintain continuity the section begins with the checkout

and test approach and follows with the discussion of the

flight test program.

Fl_ght Vehicle Checkout and Test

The philosophy and objectives of the Flight Vehicle Ground

test program are the same as those described in Part I,

Paragraph 8.2.4.1. The only differences in Factory Testing
is the addition of fuel cell checks and the deletion of

_^_,i__r^ ^_.,_ _ Polarity _he_k_ _tt_'_'410AD-2 du_sn'_ have an

RGA Package). _,2,), 7





8.2.4.1

8.2.4.2

Flight Vehicle Checkout and •Test (cont'd)

There are two major differences in the prelaunch tests.

A longer countdown demonstration is required to allow

practice loading of comsumables for the fuel cells, and

the AKS/DKS goes through its first prelaunch flow along

and not integrated with a main stage as does the AKS with

the IIOA-I main stage.

The factory site facilities and equipment requirements

are basically the same as those for IIOA-I. An additional

RF bench is required to test the RF navigation aids,

while the Laser radar will require a checkout or calibration

unit. Additional GSE is also required in the HPTF for

Fuel Cell testing. The special fixture for RGA-APS

polarity tests is not required for this concept. Tug

operational facilities are used for prelaunch.

Test schedules and manpower requirements are presented

in Figures 8.2-4 and 8.2-5 for the MS vehicle and

Figure 8.2-6 and 8.2-7 for the AKS/DKS stage.

Flight Test Program

The main stage flight test program is essentially as

described in Part _, Paragraph 8.2.4. First Orbital Flight

(FOF) is a dedicated flight test and deploys a dummy

payload only. The test sequence is modified slightly to

include a retrieval demonstration using a DKS to serve

as the retrieval target.

Since the DKS is developed and flown earlier than the main

stage, a separate and dedicated flight test is planned to

verify the capability of the DKS to function during and

after extended exposure to orbital environments. This

flight will occur in mid-1982 and could be accomplished

as part of a normal Shuttle launch or by some other means.

There will be a total of eight flights in the flight test

program including the dedicated first flight and seven

subsequent operational flights. A DFI system will be

added to the main stage and kick stage to obtain flight

test data during the flight test program. Operational

flights included in the flight test program are:

(2) Single payload deploy :

(I) Multi payload deploy

(I) Single payload deploy with kick stage

(I) Retrieve

(I) Round trip

(I) Retrieve/round trip with kick stage

flF_ C1 2 _L _....... _,L L_L schedule and cost are shown in figure

8.2-8. 2-7"
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8.2.5 Impact of Two Year Earlier IOC

A two year earlier IOC accompanied by an identical

two year earlier program start (ATP) will generally

not impact the Vehicle Test Program. SR&T requirements,

however, may affect the development cycle of the

advanced IMU utilized in this configuration. Our develop-

ment cycle for the IMU is based upon a related on going

Air Force SR&T activity which is scheduled for completion

at the end of 1977. We have proposed further follow-on

SR&T activities to refine the technology to Tug require-

ments. A two year earlier start in the Tug program will

necessarily force the follow-on IMU tasks to be also

started earlier and in parallel with the Air Force

program. This is necessary to ensure that the develop-

ment cycle through qualification tests may be accomplished

on time. This approach will increase program risk and may

necessitate an alternate choice in IMU hardware.

8.2.6 Analysis of Test Program

8.2.6.1 Key Elements

8.2.6.2

The key elements of the Vehicle Test Program are

essentially as described in Part _, Paragraph

8.2.6.1. Early development of the Deorbit Kick Stage,

however, requires early structural and integrated avionics

testing to support the DKS first flight. First flight

of the DKS is a dedicated flight test to verify DKS

operations after long term orbital exposure.

SR&T Assumptions

410AD-2 SR&T requirements are proposed to provide early

confidence in an orderly maturity of Tug design, develop-

ment and manufacturing approaches once the hardware phase

of the program begins• Technology requirements, test

programs affected and a brief description of the inter-

action between the SR&T requirements and the test programs

affected is summarized in Table 8.2-2.

8.2•6•3 Reusability Demonstration

Reusability Demonstration_ for the 410AD-2 are as

described in Part I, Paragraph 8.2.6.3.

8.2.6.4 Life Verification Test

Life Verification Tests for the 410AD-2 are as described

c. -IS
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PART II

Facilities Plan - Option 2 - Concept 410AD-2

Manufacturing Facility

Same as concept IIOA-I except 34,900 sq. ft. of floor space is required

for fabrication and assembly of the TUG.

8.3.2 Test Facilities

Same as concept IIOA-I except IAT will require 1300 sq.

at JSC.

8.3.3

ft. of floor space

Operations Facilities

Same as concept llOA-i except TJG Maintenance Facility at ETR will have

4 horizontal stations in 12,000 sq. ft. addition to the Shuttle OMS Facility.

The Kickstage SRM Processing Facility will require 2,800 sq, ft. of floor space.

8.3.4 Impact of 2 Year Early 10C

Examination of the facility schedule in Section 8.1 and the following

Facility Funding Requirement Data Sheet indicates that a two year early ]DC frmm

December '83 to December '81with a corresponding two year early ATPwould require

activation of Manufacturing, Test, ETR and Mission Control facilities two years

earlier. Therefore, approximately $4.3 million of facility DDT & E costs must be

expended two years earlier. Assuming that WTR would now become operational in 1983

as in the llOA-1 concept, approximately $2.7 million for WTR facilities must be

expended one year earlier.
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PART II CONFIGb._ATION 410AD-2

8,4 Vehicle Manufacturing

Tnis section establishes the manufacturing requirements for the 410AD-2

spacecraft including the assembly sequence, tooling, schedule, manufacturing

test, special processes and facilities.

The 410AD-2 spacecraft consists of a main stage and apogee or deorbit kick

stages (AKS/DKS). The main stage employs a graphite/epoxy outer shell and nested

titanium propellant tanks. _e kick stage is structurally the same as the AKS

described in Part I and varies only in the number of solid rocket motors and

equipment complement required.

8.4.1 Plan/Flow/Time

The manufacturing sequence identifies the major manufacturing tasks from

parts fabrication through assembly, installation, checkout and delivery and

the manufacturing flow defines the time phasing of these tasks. The calendar

relationship of program milestones to tooling delivery, operation sheet planning,

work order release and assembly of the major test articles and flight vehicles

is sh_n in a master manufacturing schedule.

8.4.1.1 Main Stage

The assembly breakdown of the main stage is shown in figure 8.4-1 and the

description of the major assemblies, equipment installations, and test/checkout

operations is provided in Table 8.4-1. The manufacturing flow and master schedule

are shown in Figures 8.4-3 and 8.4-4 respectively.
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TABLE 8.4-I

M_NUFACTURING SEQU__ENC_.EE

410AD-2, 310-3A, 310-3B

_t%IN STAGE

MAJOR ASSEMBLIES

Forward _._irt Subassembly

o Outer shell - aluminum honeycomb with graphite epoxy composite

skins or stiffened aluminum sheet for 510A-3B

o Fwd Frame - Payload/kick stage interface &APS support

o Intermediate Frame

o Support Frame - Orbiter plck-up

Fuel

o

& Oxidizer Tanks

See Nested Dome Propellant Tank Manufacturing Sequence and Fig.
8.4-2

Aft _Kirt Subassembly

o Outer Shell- Aluminum honeycomb with graphite epoxy composite

skins or stiffened aluminum sheet for 510A-3B

o Intermediate Frame

o Aft Frame - Adapter interface, APS support & thrust structure
attachment

Thrust Structure Subassembly
o Conical shell - stiffened aluminum sheet

o Fwd ring frame

o Engine gimbal support
o Base heat shield

Other

o Equipment compartment subassembly

o APS clusters (2 fwd/2 aft)

o Probe drogue interfaces (4 fwd./4 aft)

STRUCTURAL ASSEM6LY

Join pr(pellant tanks and aft skirt assembly
Install _I insulation blankets

Join _#d skirt and tank assemblies

Install thrust structure

Install equipment compartment tank supports, equipment shelves and

secondary structure

INSTALLATIONS "

Main Propulsion System (MPS)

o Engine - Class I •"

o llelium Tank

o Gimbal actuators (2)

o Pressurization & propellant feedlines

o Fill, Vent, Drain Lines

o Control/Relief valves, filters, regulators, flex Joints, quick
disconnects, etc.



_NSTALT_ATIONS(Cent)

Auxiliary Propulsion System (APS)

Propellant Tanks (2)

Hellum Tanks (2)

Thrusters (24) - 25# (310-3A/3B 16 @ 25#)

Pressurization & Propellant Feedlines

Fill, Vent, Drain Lines

Control/Relief Valves, Filters, Regulators,

Quick Disconnects, etc.

Acquisition Bladders
Thruster Heaters

Thermal Control

Insulation Blankets - MLI

Alzak Skins

Base Heat Shield - Thrust Structure

Silver Backed Teflon Tape - Saddle Bags

Radiator & Associated Plumbing

Astrionics

Electrical Power (EPS)

0

0

0

0

0

0

Fuel Cell

Cryo Hydrogen Tank

Cryo Oxygen Tank

Emergency Battery
Distribution & Control Boxes

Cable/Harnesses - Approx. i0,000 ft. & 120 connectors

Culdance_ Navigation & Control (GN&C)

o Intertial Measuring Unit (I_)

o Star Tracker (2)

o Rate Gyro Unit
o Accelerometer

o APS Control Electronics

o Main Engine Control Electronics

Added For Deorbit & Retrieval Missions:

Laser Rendezvous Radar

Satellite Receiver

Doppler Receiver
"L" Band Antennas (4)

Combined Doppler D_tector

Data Management (DMS)

Computer (2)

Controller/T>[ Formatter

Data Acquisition Units (3)

Sensors (190)

Tape'Recorder

(Cont)



INSTALLATIONS (Cont)

Astrlonlcs (Cont)

Communications /

o

o

o

o

o

0

o

o

o

Transciever

Power Amplifier (2)

Signal Processor

Diplexer (2)

Antenna Switch

ODRql Antenna (2)

Aux. Transmitter

Power Splitter

TV Assmnbly

TEST AND CHECKOUT /

l

In-Process Manufacturing Verification

o

o

o

o

o

Fluid Line Leak Checks

Electrical Harness Continuity, Dielectric and Insulation
Resistance

Dimensions, Finish, Identification and Markings

Cleanliness

Workmanship

Acceptance Test

o

o

o

o

0

o

o

o

o

o

o

Cryo Proof Propellant tanks

Proof/Leak Check Fluid Lines

Flow Calibration

Electrical Circuit Functional and EMi

Thrust Vector and Gimbal Actuator Alig_ment

Functional Performance

Fit & Clearance Checks

.RGA/APS Polarity Test

Mission Simulation

Cleanliness Verification

Weight and CG Determination

PACK AND SHIP

Apply Pad Pressures To Fluid Systems

Install Protective Devices and Covers

Clear Acceptance Paperwork

Install in Shipping Container

c L/-_C



M2uNUFACTURING SEQUENCE

NESTED DOME PROPELI2iNT TANKS

410 AD-2, 310-3A& 310-3B

TITANIt_

PARTS FABRICATION

Do_es (4)
Stretch form gores (13)

Trim \
ChimmlU

Trim & Weld Prep

Polar Rings (2)
Form and Machine

Polar Caps (2)

Form and machine

Access Covers (2)
Form and Machine

Cylinder
Roll Form

Weld Seam

Che._lll

Trim & Weld Prep

Fo_ard Frame
Machine Roll Ring Forging

Roll Form Seal Channel

X-Ray and leak check

'q" Ring
Hachine Roll Ring Forging

Core
Press Form Sections (4)

Chemmill

Trim & Weld Prep

Weld Sections

Aft Frame
Machine Roll Ring Forging

Roll Form Cover Plate

Weld Cover Plate to Frame

X-Ray and Leak Check

Shell Stiffeners
Brake Form Zee Sections (96)

Chemmill

Trim

t.t-t,•

(co.t)
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)i_ UFACTURI NG SEQUENCE

NESTED DOME PROPELL_NT T&NKS

410 AD-2, 310-3_& 310-3B

TITANIUM

SUBA SSE,>IBLIES

Do_es (4) °"
Weld (12) gores

Fit and trim last gore

Weld last gore

Trim & weld prep

Weld p_lar ring (2) domes only

Weld cove to lower edge of MM}I nested dome

X-Ray & dye penetrant all welds

Inspect

Cylinder

Stake weld longitudlnal seam

Trim & weld prep

X-Ray, Dye penetrant & inspect

WELDING SEUEq_

Fuel Tank

Weld fwd. dome to fwd. frame

Weld '_" ring to aft dome core

Weld cylinder to fwd and aft dome assemblies

X-ray, dye penetrant & inspect

Oxidizer Tsnk

Weld fwd dome to frame

Weld aft dome to frame

X-ray, dye penetrant & inspect

FINAL ASSEMBLY

Bond Stiffeners to Cylindrical Section

Install Feed, Vent, Drain Lines

Install Propellant Acquisition Screens

Install Access Covers

Install Propellant Quantity Gaging System (PQGS)

TEST/_IECKOUT

In-Process X-Ray & Dye Penetrant Inspect All Welds

Proof Pressure Test (Cryogenic)

Leak Check
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PART/ASSE_mLY

PROPELLANT TANK - TITANIUM

TABLE 8.4-2

TOOLING REQUIREMENTS

410AD-2, 310-3A, 310-3B

OPERATIONS

//

/

TOOL/GSE

Domes (4) Stretch For_Gores (13)

Chemmill

Trim & Weld Prep

Weld Gores

!
Trim Polar _p & Y Ring Edges

Weld polar cap or polar ring as

required.

Polar Ring (2) Form
Machine

Polar Cap (2) Form
_chine

Access Covers(2) Form
Machine

Cylinder

Fwd Frame

'q" Ring

Cove

Aft Frame

Stiffeners

Stretch Die - Heated

Chef.hill Templates (5)
Trim Fixture

Weld Fixture (Includes back-

up bars, skates, and clamps)
Skate Attachment to weld fixture

Attachment to weld fixture

Spln forging - purchased

Holding Fixture

Spin forging - purchased

Holding Fixture

Spin Forging - purchased

Holding Fixture

Form

Weld

Chemmill

Trim & Weld P_ep

Standard Rollers

Standard longitudinal stake welder

Che_mill template

Holding Fixture

Machine Roll Forging
Form Seal Channel

Weld'

Final Machine

Holding Fixture, NC Tape
Standard Rollers

Weld Fixture

Holding Fixture Above

Machine Roll Forging Holding Fixture, NC Tape

Form

Chenmlill

Trim & Weld Prep
Weld

Press Die

Chemmill Templates

Trim Fixture

Weld Fixture

Hachine Roll Forging
Form Cover Plate

Weld

Final Machine

Holding Fixture, NC Tape
Standard Rollers

Weld Fixture

Holding Fixture Above

Form

Chemmill

Trim

Standard Brake Die

Chemmill Template

Drill & Scribe Template

(Cont>/.7"-'-/-Jz-



TOOLING REQUIPdD_NTS (CONT)

410AD.2, 310-3A, .310-3B

PART/ASSEM LY OPERATIONS

PROPELLANT TANK- TITANIUM (Cont)

_00L/GSE

Tank Assembly-Fuel

Tank Assembly -

Oxidizer

Installation

Fixture

Installation

Fixture

Assembly

Assembly

FORWARD _<IRT

Outer Shell

Fwd Frame

Intermed Frame

.Support frame

Docking Probes (4)

Latches (12 &Ftgs.

Assembly

Assembly

Weld Domes, Cylinder

& Y Rings

Weld Domes, Cylinder

& Y Rings

Install Propellant Acq-

uisition Screens Fuel

Tank

Install Propellant Acq-

uisition Screens Fuel

Tank

Handling

Transportation

Weld Fixture (includes mandrel,

Back-up bars, clamps and

rotating mechanism)

Weld Fixture (includes mandrel,

Back-up bars, clamps and

rotatin[ mechanism)

Drill/Installation Fixture

Drill/Installation Fixture

Slings (2) (GSE)

Dolly (2) (GSE)

Layup graphlte/epoxy skins

Roll Form honeycomb core

Trim & undercut core

Form edge members

Bond core & skins

Tape layout templates (4)

Standard rollers

Saw & trim fixture

Standard dies/rollers

Bonding fixture - autoclave

Form frame members

Chemmill

Press blocks (3)

Chemmill templates

Form frame members

.Chemmill

Machine roll forging

Press blocks (3)

Chemmill templates

Holding fixture, NC Tape

Machine Holding fixture, NC Tapes

Machine Holding fixtures

Assemble shell, frames

Docking interfaces, APJ

clusters

Assembly fixture

Handling and transportation Standard sling & dolly with

adapters



TOOLING RL_UIREMENTS (toni)

410AD-2, 310-3A, 310-3B

PART/ASSE'_I_LY

AFT SKIR...___._T

Outer shell

0PERATION

Layup graphite/epoxy skins

Form honeycomb core
Trim & undercut core

Form edge members

Bond core & skins

Frame Form members

Che=mlll

Aft Frame Form members

Chemmlll

Docking Drogue Machine
Fittings (4)

Docking Latches (12) Machine

& Fittings

Assembly Assemble Shell, Frames,

Docking interfaces, APS
cluster

Assembly Handling & transportation

THRUST STRUCTURE

Conical Shell

Engine Suppt.Ftg.

Gimbal Fittings

Base Heat Shield

Assembly

APS CLUSTERS

Fwd (2)

Aft (2)

EQUIPMSNT CO}_ARTMENT

Sheetmetal Parts

Roll Form sheet

Form stiffeners

Chemmill sheet

Machine

Machine

Roll form Alzak sheet

Assemble sheet, stiffeners,

fittings, & base heat shield

Machine cluster parts (3)

Weld

Machine assembly

Form
Drill & trim

TOOL/GSE

Tape layout templates (4)
Standard rollers

Saw & trim fixture

Standard dies/rollers

Bonding fixture - autoclave

Press blocks (3)

Chemmill templates

Press Blocks (3)

Chemmill t_mplates

Holding fixture

Holding fixture, NC Tapes

Assembly fixtures

Standard sling & dolly with

adapters.

Standard rollers

Standard brake dies

Chemmill t_mplates (3)

Holding fixture

Holding fixtures (2)

Standard rollers

Assembly fixture

l{olding fixtures (3)

Weld fixtures (2)

llolding fixture

Press blocks & standard Dies

Drill & scribe templates &
router boards



TOOLING REQUIREMENTS (Cont)

410AD-2, 310-3A, 310-3B

PART/A SSE_fl3LY

EQUIP>lENT COMPAR_4ENT (Cont)

/

TOOL/GSE

Fittings

FLUIDS ASSEb_LIES

Machine Holding Fixtures

Tubing Form

Assembly

Weld connectors

/
I

Assemble fluid lines and

purchased components such as

valves, filters, regulators

Standard bending dies & set-up

gages (SUGS)

Standard Orbital welding equip-

ment adrpters & welding schedule=

Assembly fixtures and standard

cryofit and brazing tools.

ELECTRICAL HARNESSING

Wire cutting and prep

Assembly

Standard cutting, stripping,

marking tools

Harness boards

INSTALLATIONS

Install subassemblies and

components

Installation fixtures

FINAL ASS E.MBL__Y

Structural Assembly

Installations

Handling

Transportation

Shipping

Final assembly fixture

Work stand

Slings (2) (GSE)

Dolly (GSE)

Container (GSE)



i

8.4.3 Facilities

The Tug Spacecraft will be assembled in our existing Plant #5 Spacecraft

Assembly Facility. This area, developed for the OAO, has the controlled environ-

ment necessary for contamination-free propulsion system assembly and is adjacent

to the LM lllgh Pressure Test Facility (HPTF) for fluid system calibration and

acceptance test. All structural assembly will be accomplished adjacent to final

assembly. The floor plan layout of the area and the floor space requirements are

shown in Figure 8.4-5.

\
Subassembly and acceptance testing of fluid system modules will be accom-

plished in the Plant #2 Laminar flow clean room which has 4 booths and provisions

for component cleaning, tube welding, x-ray inspection and high pressure component

test.

The HPTF contains 4 test cells equipped with fluid distribution systems,

instrumentation, remote controls and d_ta reduction equipment for safely conducting

high pressure fluid system testing.

The propellant ta_ks will be fabricated in the Plant #3 welding area. Tnis

area, developed for LM cabin welding has stake and boom weldlng equipment and

provisions for dye penetrant, X-ray and ultrasonic inspection of pressure vessel

quality welds.

Parts will be fabricated in specialized work areas in Plant #2 and #3 such

as the press department, che_illing, heat treat, machine shop and finishing

facility.

i
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8.4.4 Special Requirements

8.4.4.1 Critical Processes

Identification and control of critical processes are essential for assuring

spacecraft integrity. Grun_nan corporate procedure M-120 and M-311 discipline the

identification and documentation of the control requirement and provide for

implementation through detailed shop instructions, inspection procedures and

verification records. All processes are validated before being used in production.

Personnel are trained, qualified, and certified for performing selected processes.

Our existing Manufacturing Engineering Process Standards (MEPS) for welding,

brazing, crimping, finishing, structural bonding, contamination control etc.

will apply to the majority of the Space Tug process requirements.

Special attention will Ibe given to defining the critical process requirements

for the titanium propellant/tanks and the composite honeycomb outer shell.

Ten foot diameter titanium tanks have not been fabricated before and titanium

tanks such as the 54" LM tanks are normally fabricated by welding machined forgings.

Because of the high cost of developing I0 foot diameter forgings we are proposing

to fabricate the tank domes of welded gore sections. Special processes will be

required for tolerance control of weld joint fit-up, welding equipment power

"settings, repair procedures, heat treating, gore forming, chemical milling and

finishing.

_e outer shell of the spacecraft is designed of honeycomb panels with .012

inch thick graphite epoxy skins. We have extensive composites experience from

our aircraft programs but expect that special techniques will be required to

fabricate the thin skins which will be layed-up from .0025 inch graphite epoxy

tape which is still in the development stage.

8.4.4.2 Vehicle Modification and Repair

In general, minor maintenance and repair of the spacecraft will be accom-

plished at the operational site. Activities requiring m_jor modification to struct- •

ure, subsystem installations or MPS tanks which require special tooling or facil-
J,

ities will be accomplished in the final assembly facility in Plant _T5 Bethpage.

If extensive modification is required the major structural sections can be

disassembled. The forward skirt attaches to the fuel tank frame with mechanical

fasteners which can be removed to expose the forward end of the tank. Tne aft

skirt joins the two tanks at the main frame of the aft tank and the fuel tank

Y ring. Removing the mechanical fasteners at these points allows separating the

tanks and removing them from the structure. To accomplish this level of dis-assem-

bly for ta_k replacement the vehicle will be designed with mechanical joint

connectors such as the Ga_ah or flange connectors used on LM spacecraft. Raychem

cryofit fittings used on F-14 hydraulic systems and brazed fittings used on LM

will also be used in applications where replacement or repair of subsystems is

anticipated. Electrical harnesses and cables will also have end connectors to

allow disconnecting equipment ordisassembly of themajor spacecraft sections.



8.4.5 SummaryAnalysls/Philosophy

The primary manufacturing responsibility in this program phase has been
to analyze the various configurations to determine the most cost effective com-

bination of equipment, facilities, resources and schedule required to produce

them. Initially the major cost drivers were identified and trade-off studies

were conducted to provide inputs to the designers and the costing group. Prod-

ucibility support was also provided to the designers to assure a cost eEfective

balanced manufacturing program.

_le integral titanium nested dome propellant tank is the major cost driver

and manufacturing technology challenge in this configuration. We have reviewed

Saturn, Titan, Centaur and LM manufacturing methods to establish minimum mater_al

gages, fabrication processes, tolerances and assembly procedures. Because of the

large diameter (I0 feet) we have elected to assemble the tank domes from welded

gore sections instead of the usual one piece machined forgings.

Systems installation and checkout is the other main cost driver in this

configuration. To reduce the impact of these activities on cost and schedule we

will modularize subsystems as much as possible. This all_as off-line build-up

and parallel flow of the modules such as the helium pressurization unit and APS

control valve package to provide better accessibility, more efficient work

distribution and man loading, improved workmanship/quality and reduced total fl_#

time. Modularization is of special importance for a reusable vehicle since the

entire unit can be removed for maintenance and repair without impacting avail-

ability of the spacecraft.

8.4.6 Impact of IOC Date TWo Years Earlier

Moving IOC two years earlier to December 1981 will require moving program

start (ATP) at least an equivalent time. _lere is adequate time in the manufact-

uring schedule to meet the program milestones therefore any stretchout or

reduction of elapsed time will be inefficient.



8.4.7 GSERequirements

Ground support equipment is used to perform acceptance tests in the factory

flow and to detect or diagnose malfunctions or monitor the functional performance

status of systems, subsystems or equipment. The GSE Is listed below and is

described in vQlume 6 appendix E. Special handling equipment associated with

manufacturing operations is identified in the tooling section 8.4.2.

Weight and C.G. equipment

LRO handling fixture

Induction brazing unit

Engine dolly

Battery container

_neodolite

Navigation base alignment gage

APS tank dolly

Auxiliary crane control

Vacuum test cart

GN 2 manifold and oxidizer storage unit

Pressurization Maintenance Unit (PMU)

Nitrogen conditioning cart

Transporter GN2 storage

Cryo and blow-down equipment

Propellant loading control assembly (PLCA)

Propellant system checkout cart

Propellant system helium distribution assembly

Leak detector

APS transfer control assembly

GN 2 regulator unit
Communications test station S-band

Battery charger

Croun4 power supply

APS valve controller

Load bank

S-band uplink monitor

Communications test station L-band

D



8.5 SPECIAL PROGRAMMATICS
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8.6 COST DATA

Included in this report are cost data for DDT& EjProduction and
_peration Phases of Concept 4lOAD-2. In sufficing reporting requriements
this section is divided as follows:

® Storable Space Tug System Project expected cost--Spares Cost
(INT 70PS)--First Unit Cost (Data Forms AI.2 and 3j sub-

paragraph No's 8.6.1, 8.6._ & 8.6.3) (CompUter P/G)

@ Storable Space Tug Funding Schedules--DDT 7 E_Productlon and

Operations (Data Forms C, subparagraph 8.6.4,8.6.5, 8.6.6
and 8.6.7.

® First Unit Production Cost per WBS (including Avionics to

level 7). _in Stage and Auxiliary Stage(s), (subparagraph

8.6.8).

• 410AD-2 Average Cost/Fllght (subparagraph 8.6.9).

@ Storable Space Tug System Project Cost Estimate data by SOW-
DDT & E, Production and Operations. (Data Form T (SOW'S) sub-

paragraph 8.6.10).

• Form B (Technical Characteristics) subparagraph 8.6.11.

- f.&- i
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DEFINITION OF SPREAD

FUNCTION C0_S

co_ IEFINITION

4 Beta Distribution - A = 0.79, B = 0.15

Peak Funding occurs at 28.O_ of Time,

73.0% of Dollars consumed at 50% of

Time.

6 Beta Distribution - A = 0.68, B = 0.17

Peak Funding occurs at 30.0% of Time,

67.0% of Dollars consumed at 50% of

Time.

9 Beta Distribution - A = 0.55, B = 0.05

Peak Funding occurs at 34.0% of Time,

55.0% of Dollars consumed at 50% of

Time.

11 Beta Distribution - A = 0.58, B = 0.38

Peek Funding occurs at 34.0% of Time,

67.0% of Dollars consumed at 50% of

Time.

16 Beta Distribution - A = 0.47, B = 0.21

Peak Funding occurs at 40.0% of Time,

55.04 of Dollars consumed at 50_ of

Time.

_6 Beta Distribution - A = 0.16, B = 0.45

Peak Funding occurs at 58.0% of Time,

43.0% of Dollars consumed at 50% of

Time.
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_%cu

Sensors

In-House

IMU
Stsr ?rucke r
_or. Tr.

L_ser Revo. Radar
Art _ef

Doppler Reee Iver
i-Ban I A_enna

Ca_bi_ed/Doppler Def.
AYJ Ct 'l Electro,_les
M_=/TV=C='I Electron

Ia-Mouse

C _@'JJNICATION3
E--SaulX 'C_R'X'P_R
Aux. Xmtr
P_wer _:_
Baeeband Processor

Di_ ]exer
As= Swltoh

Antenna
Potter _plitter
OCTA

Ya-Hou_e

0332- I_STR_._;:_ATION

ELEC P_ER

Bettery
Fmer6eney Ba_ _ery
Modlfled Fuel Cell
Ther=.aI Co_:rol

Im-F_use
DI_, & CT'L

INST'L ASST & C/0

x';," (..,:V: 'if':)
', _ : 1" ;. : t ;:,T iON

_,6_6

819
_o9

_5

a, 136 '
@oo
x6e

33
&co

2o

_95
a_5
731
9_a
51o

lO
5o

8

a25

o

571
I0O

3o

_83

o

¢._ X= TUG W':I. AUX STAGE

o_70 R:N

_T3 AVI ):IICS

PCM/:;t6 Cond
Ce_S 5re

C ,'F_C
Atti t',_eG_ro '
Re,,"Unit

Timer/CT '! .Relay
APS C2'I Electron,

C )Vt4bqlICAT1O:_C

C-_a.l Xcvr/Xl>ir ,
Baseband Process-
A_X. Xmtr

Pwr ;_pllfier
Dlplexer
Antenna i_i_ch
An_.enna

Pri_sry Bet_ery
Pwr Dist & CT'!

O_30 AKS

0_83 AVIONICS
BMS
De._s_rs

GN-_C

Timer/CT' i Relay

Vel_zity Meter

5egue nee Pr oEram

ELEC _3'_TR

P_I_s ry Battery
Pwr Diet N CT'I

In-House

OLeo DKS
AVI):IICS

R4S
Se,_sors

G._C

Attl =ude Oyro
P_f Unit

TImer/CP'l Relay
APS/._Z CT'I

E!ectr

Vel:_i_y Meter
Deq'ae5ce ProEram
S'.ar Tracker

CO_2FT;IC;,TI)_;S

S-_,nA Xcvr/Xpdr
Baseb_n2 Pr 2_ess

Aux. Xmtr

_r /_y] If let

Diplexer

ABte%,4_ Switch +

A,q:enna

EI2C. P._'ETR
_.'[mv..'y 3at:ery

P.n + Dist "¢ CT'I

De0rOi_ Battery

Solar Cell l_adl's

_°-]louse

0

1,360
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z3
x3
300
too
5o
50
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5o

69
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111
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Launch Operations

Launch Site Serv & Supt

Tug Shuttle Mate & C/O

Prelaunch C/O

Countdown

Propellants & Gesses

Post Flight E_flng

Maintenance & Refurb

Sched Mant & Refurb

Unsehed Maint & Refurb

Vehicle Opnl Spares (less Me)

M. Eng. Maint & Refurb

M. E. ()pnl Spares
Post Maint C/O

Tug/Payload Mate & C/O

Refurb Regmt Planning

Depot Maint

Total Ground OPS (launeh/Malnt/Refb )

Flight Operations

Mission Planning

Flight Control

Flight Evaluation

Flight Supt Software

Operations Support

FSE M_int

Sustaining Eng

Prog Mat

Trannpovt & Hdlg

inventory Control & Whseing

Facilities Matnt

F_pend Veh Avg. Unit Cost

Total Comt/Fli_it

•. 4koA?-Z

AVERAGE COST/FLIGHT

MODE I

REFUSE

NASA POD

lO6.34 1o6.34

7.13 7.13
13.30 13.30

.42 .42
62.oo 62.oo
23._9 23.49

598.31 598.31

25.4O 25.40
26.61 26.61
308.84 308.8/_
8O 8O
38.57 38.57
8.T1 8.71
13.92 13.92
1.98 1.98
9_.e8 94.28

Io4.65 7o4.6_

400.29 456.54

125.61 125.51

127.29 ll2.10

20.75 17.13
126.64 201.8

46.90 46.9o

2._5 2.45
22.05 22.05
11.16 11.16
2.37 2.37
6.61 6.61
2.26 2.26

1152 .].2o8

NASA POD DODi NASA

12_o

I 24o2

d..c.- O._"" ocI



p.

D

9

q

W _

0

im

.J

I Z

0

Z
,1(

w

T
0

I bJ

U

b.

Z

I

Z

7

I w

ii i

| c)
N

I

eQell.eQelle

• I" ;e •

N

,r i, i,,i i
ell0ee*eee_eleeee*emee_e*eeemeeeeo

_o_o__,o;ooo_o_oooo_ooooo_

gg.
L P

_ _O,r_

- g. ¢ ¢

• I

• • • • - • • - • • • - • , • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • L •

f

_oo_o_®_oo Jooo_ooooooo_i oooo_ooooooooo_

_ J _ _ _ _ _ _ _ o _" "
_" I_ i 0 0 0 I 0 0

...... ...._iooo oooooooo

_ _ _ _ _ _ " ¢ o - o _ _ o o

o _ o_ooooo'" _ o ....................... _oo ..... oo000 O" 00 _ 000 _ 000 ¢._ _J 0 t%l P_ P_ 000 00000

0 O'

! ,0 , i

' ,_ _ _ _ _ _ _ _ ,,i _ • ,_ _ _ _

t I

, _ _ _, _ _,_ _ _ _ _ _ _'_ _ _ _ _'

D

ou

, o . k . I' ? Y ? ? Y ? , I' _'o _' -



!l
I
I
I

1
,I

9
,q

U

Dm z

W

o@

0

L '

.J
<

lg

0

Z

• Z

I

i+i
I

_ .IA

0

W

D

:}on
Z n-

Z

er

I._ 0:
Z T
I/d

+ rn

L L

! !!!!!L
_¢_o OO _ mo, u_m--_ e+. o,_u_ _ m ,_._n_4 + - ,_- u_

ti -
o

t

+-.+
-- e,l

I

.......i;il....I:"
;?_ooo ;;o;oooooooggo; " ooo_oo o

oooooo._o_ooooooooooOooooooooooooooa,me

g g I. •

i_ _ o o o o o o o o . ..

gooo,o_,_o_oooggoooogoogoo;go;goggoggoggogg.gg._

I +n

• _ ...... _o;o;o;;oo_;;;o;ooo;oo;o;_o_

r

. . . < _ g g g ,<

u o - o o o+ o o r,

o o ? ? o o o ? ? .... A , o .-,' " ' ' _' _'i " "

I :-+-, i

_I _

N

0000_0_000

g g 2



Ib

I

c

_ °]m
in

• N

qn

ILl

,v
O

m-

Z

.9

• I

I

aM

I
>.

_ I

I 0

I

o

IZ

i ,_'t

I"

_,
w

I

M

1
I

L,

..... !..._... _ , _ • _....

°°°°°"°°i°°°°°l''i-
I [ °,° °

; ; i; ; ; o o o I

"" i:ooo_ oooo ooooooooooooo

i

i i *
_2gogooogo;goooo;go;;oooo;oooooooo_g;oooooog

" I

1

• .._ ......... ; ....go;;oo__ oooooooo_oooggOoo, ;_g;goo;o;o;o;o;goo

g _ _ _ ; g g ; g g 4 g ; g

_3 e3 e_E3

o_

]1 U.

o

f.)

o •o

_ _U_ Z

_ o

o

o_ _ oo
o" " " _o
, ? T ,

o o o r,_

z

._, ._ .J LU
r_

i,
IU

N



{..

I

)

O'
t," '

I,"
t,)
lU

a
O. m

_, >
,IE

<

0

,

t (_ t. t ..

+iiiL!iL!iiLiL!L!
{! '_ .

•,., '+';!!ti:5! .....

_il _ I I

.... _ ...."o_ "_ _ ooo'_ooooo oo

0

- -__°°°°°°I°-I°I.°,... . _°ll°.°°

+oo o ; "o o+-_goggo_go

..L..L..L....

_ •

/

• • L • • • •

o

o_o_goo

1!":ii'i
o _o

IOOI

_r

<

)
I

Z
N

Z
Iu

_0_
omt,-

m

i

N

ii +
g " Z " _ ;

0_

***l*e*eblll**_
_000_0_¢_0000

-I+• g _ g ;

g _t

** eoLo

O0 00I 0

_'_,_

< _ _ < _ _ _ o _

0 0 0 0 0

o , _' o A ,4 A
? °

E _ E _e

t. *

oo<:_o_

,l <l ,;

ooooo_o_

oo_oo0oooc:

;'o'g g

*
0

_z_ __

T • ri
I-- '( _.



A

,I

I

u_

a_
Z_
we

_V

0

J _

J
<

Z

W

0

o
Z
q[

IE

%

Z

g,,,

c¢ 3 1"
0 e

Z

Z

e_
TI

_3
<

Z=
< Z

w
7

z T
bJ

o

I
_ _ ooo _ ":_ _oo_oo_o

-
!' L

• : i" "

; i

...... i..i .......... L...........

°°°°°°_°_°°°°°°°°°°°'°°°2°I°°°°°°i°°°"°"°"',_ °"°"'t"_ '_ _ _
, i I! i

*ll*li*lie**lil*l*l_*l e* ilbe*mee ** el i_ei*

oooooo.o_o_ooooooooooooooooTooooooooToo0o_o_o_.°__.,...... . .
; i

* !

"................. i;" _"
ooooog_._gogg;oooo;ogooo;oooggg,ggoJo _ o

I

N !
! I

I
ill I llllllll elilllll tl el t111t II

oooo0o_oooooooo_¢_ooooooooooooooOOo_
O_ _
N _

ii
• D * • ) •

0 )00 C) 0 )0

m

Io _ io
i

i
• • • • , • • ) •

g



t,

°IC_,

lu

Oc 0
n u_

us_

q

_I,U

U_

• O

i.

!
I

Z

o

,.g'
_ "r

_1
c _

el

u.
0

m

u

Z_
,< I

Z

w

!

I

I

!
13

!

1 i i! ll ' !
o_o_;_,oooooooooo_o ooooo_oooooo_,o oo_ .... _o_,

_ _ i ii _ _ _ _ _ _ _ _ _ _ _i "

_CI O000CO_i i

g g ; g g o io Io ; ; o _, d ;
' i

! i i I
i. . _ I,o _ ; g i; ; g g i; g g g ig g g
i [

.............. , .... _. •o;ogo_ooggdoo'';ooo0ooooo go_oo*dgoo;gg; goo
, !

i

I I
I I !

;g;;o;;og;ogooogooooggoog,ogooooooooooggooggo

I _ I

; I i

. . !. _ .... _ __o _ _ o _io o _ o _

ooo._oo;oo;oo;gggoogogo_o;go o_ooo..... o ooO_o..... _ogog

mo_ I

i
I

_o_o_o_o_oo_oo''oo o_oo_oo_ooo_oooo_o_o_oo

I
I Io _ _ ; ; ; g !; ; g g o

Y _ o _ _ _ _ _ _ _ _ _0



i

<

.d"

WI

a_

u_ _ 0

0

g _

W7 _

ff

_.,_
_V

• Ie • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • o

= o:g;,,_;_g;/,;_g;;2=;,,;/,gg;_g/:_g,_g;gg_gg_;gggggggog;gg

O_O_Od Od _ I¢d .... * !
i

IF . $ • • • = . e" . • • = • $ • • • • • • • • • . • • • • • • •

o.-,_oooooo., _.9 o#,- o,- _ g g_;oo= ° o0 o.0oooo_ _ o ooooo o=oooo

" ie I
Z I

- ,; ,; ,2, .' " ,; ,,; 0, i o ,; _ io o o ,.;

i " "" ......... ';';'_'; ' ............._ o:o o _;_;o _;o _;_,_ ,; o o o o o o o ,Sg _; o¢oo0o_ Jo,_ ¢;ogoo oo_o o o
n_ ,o_,¢ oo 1 ¢_0a i

0 t

• " _ _" "_ "i'i ....................,:,=0_oooooo _,_,_o'-""" ,,,o,_ ¢_ o ,-o_oooooo,-o,-oooooooooooo.,.,_..

" " "[ I !

,...._ o o i= .: o ." o,,, o o ,,,'; o ,; o o

Od ,_ _, 000 o O0 _. ¢ o _ 0 _Od (_ eJ O_ _ _ P- 0 _ ¢_ 0 ea o 0 o o 00 _ _ o 0 o o o 00 _ 00 O0 o

='- " " : i ! iU 1

0 o

,¢ "r : _ i , I
$ ' I = 1

o ...... 0000(_00

1

g - . ,!

_) eJ 6/ _t h'3 O" i
i

w

f

(3 0 0 0 o o o o o

_, o o V 7 ° 7 7 " o _ o o o=. " " " ' ' ' o' " "o o o ..... o o
t_d Od

i°



o
,q.

: _ f

I
!

I

I

_W z

_'_' _

_C

o

f ,

"r

o
_2

0

Z

_- rr

%

'LL
°_°°_

• • e •
o o

oooooo_o_ooooooooo

0

.....!.L..'!i ....

! , !

..... i_ .......... oo0oo_1oo o;oo_o_oggc;.,_ _ _ ..;; ;o o o o o o o,(; o J ; o(; ....... o
g_,:ioo ,, ,,o I _' " i

" i " " (;

..... ogoog o"

oo oo_ooooo_ ooooo_oo_, t; g ig _g o o g ; ;

t

IC

Z

u

3

T

Z

_J
z

_R
z "r

i
I. o
I

I m
! •

I

oooooo_.,_oooooooooooooo...
i i

i

I

i

°°_°°°°°_°°°°°°°°°°°°°i - _
I

" " o o o

oooo_o,,_,o_oooooo_ioo" o_oo_,_oo, oo_ooooooo_oo_._ooo

i
i ! =

;;o;oo_::;;oooogo;o;;oo;oo;oooooo o

" i" I

- I e I '_1 t ,
! t }i -%: ' _'

I

• i '' ' o' o' " ' o' _ o "_ O _ 0 0 0 0 0 0

1

ogggggog, "o'_o

!



0!

U

_C

mw o

Iv
D

!

1
I

.I
<

0

Z

u_
I- o[
• 3:

Z

/

_ w

o

N

U

Dm
Z ¢¢

uJ

,_
t_

I <
Z

!

N

o

_-_

i_O_ O_ o0oo 0oooo00o o

i

: i
, !

_ Z .¢ z 7 Z Z

w

0 0 0 0

o

o o o

@ @0 0

g g o o ; J _ . ; i. i
• " " jo g -'

i

oooooooo o  o o o .OoO0O  O
I

i o

C

(I

gl .!

o o

J; • _ 0,
o ? y y

__ < .J J..j _. I,L

I

I

m

, g



f
i i i il I I I • II

I

@l
c

c_-1 ,-._- o 0
(._o oo oo

"-" O0

I,,,--tl

_,,

J:CO O0 ,_1 i,,_
:¢'-") ,iI O_

:00
t-.,--4

C:_

:1---

C_

:-"r-

LIJ

:0'3

C'q
r--I

Z

Z

_.j ,---, ,._

F--
-I-- I--- W

•--_ z
W I__

-1--
t_

Cr_

"v" ,i I
_ o<3

-,I O0 -

l.t_l

I'-'- I--
c/') _ 0 0 co I_

I --'J 0 0 I'_ ,,--,, ,iI

13- _ ,i I

¢._)

J

_ _ _ _ d

_ J _ _ 0

.I

,.._1

z
--r-
u
ILl
I--"

0
0

!
C)

00

L_ I __L _



II II

i

mmm_

I

o
,--I

:02

r_

IQ

Z

77",_ f f ,_ _"T,_

0
I

!.

;!

I

:i

:!



F
I J III Im

.__1

-r" W
Cl- I--

O0
0

I
0
C_l

, I



C'4
I

CD

CD
,-M

I.¢-

C_l

¢..)

:I---
:(.__

Ill I

{:_ I"-. 0

Z

_z s---¢

F--
---I- I-"- W

l_ul i.,_l

.3

<._)

C_9
>-.

c_

C_D

O
<._)

"I-

W

ILl

Z L_ _ -

Z

0

z

.--4_ o
--J

c_ --J

_ >-

Z _ _ -J
CD c:_ ,=K ,--'

_ W

Z Z _-- -J

_3

Z

(..)

,,I
F--

,--I
O
I

O
I

(:D

C'4
t,c%

OO

i

L I

J



.i

.!

-4

i

i

i

_-_;'_ d_ ;]or _'z,

t.,l _Hn . N3:,._.J,.?_)9

932Jt/3A

_gd _/Nn

9Yv¢_'IO_)

I,U

.2 M_IgI-I

MI dM*

O _nO

G.Z _M.//'IOI4/

N N N t4 N

O O _

-_- _ ._.-... ..

• _.__ .

. _ ... _ ., _ "_ =_ -

.:-% 4: 4: 4: ,4:

,5- ,..; o o 5 ,..9

0 : ' _r'- uq ['-

|

• I

I

!

I

I

I
I

i

i
I

•_.;, -_-_ _ _-. .._
_' _ _ _'-,. ,_ _ .._I_,i'-;" 4.- _ ,._

• :..

, , , ,_. ,
"g N :_.. b _,

I

o
i,

I I

I



_ iii ii i ,11

o_
I

c:
t---

......-I

0"1
00

oO

i _-.-4

:I'-'-
oO

LLI
/"'-
:U

:¢j

:CD

:C:

L.I_I
--t-

.i--

O0

Z

I---

0
U

__1 N

0 ILl

_..I
0,1 ILl I=1=1

ILl 0 .--J
:_: Ln ._: O0

._3
u

oo
:>--
-'I-

CD
I

0
I

0
o,I

:::1:l::



t
I

I

d'

!I

' i _f,

_! d. c_' '
c_ _: _ '-'7

_ i c< .._, _ :" v, .

<. _, _!

l--, __ : ! _,_

,,,61

2

!il

Ii

"._,.

!



|

r_

I

C

[ .i

-T-

0

_ o o

_. _ ,--4 W W

LJ_ 0 0 W

Z

0
I

0
I

0

J



0

./--

!-
t

!

I
i

i
I

I

I

i

|

4

I
I
i

| ._

I
I

I
|



.n._ g.&- v_

':
.'?

i



i
1
!

!

!

ill .

-:

o , .+ .

+_ +

.D__-<,£,_.- _/



J

t_

(3

i

Ill

1. I I

!

J
I



i i

£LI
I

>-4

CD (:El

XI

I--- _

_ z
I--

-r-
(._J

z

i,,-,,-,

_ w

Lr_ I Lr_ C'M CD
0"_ I _ _ r_ O0
._- _ _-I CO

cr_
O_

CO I'_ I_l C:) CO CT)
C:n f./) T--I i--I O0 0 _ I

cn
c_l t¢_ ,---I

w
F--

--r
F--

_J

"-1-

LIJ Z
_ 0

._1 0

< >- z

-- -J c_ < co _-

•-J N I_-

W _ _ _ --J
"-_ X "_- _ w
LL 0 I--- _-_

Z
"r
u

I----

!

I



C

I
o

,-%

(b

r_

I

?

e

t;

p.

v_

.o. •

g r_

-_4.b
;.t ;

.o

.ol I
! I

uO_"

J lv3?_,/).,l?O_,= . ... _. \

_,_ .

} 'q (3 b ::*_. _I N_

_ _,_-._W ..... " _-_._._-,.._.._,o _,,

!

" J i , i i
j,

t i

• I , _

,_ '_i_ _ l _ _ TM'_ _
t i : !

.-.-3_ / n "lo l,

II/

.I t'/91g/'_ !. ! i

(£91"13///_ i : •

t : , I _ j
i l ' ,

_.z OM37

f/_ _"t,_ 9.t lll, Y

_ > _. "_ ,_.

: ' -_._ ..... _.o.o :_:'-' _"_ "_:_ ; _4.'_,_.::,._.

.zr- ,,c.4-vy



f"

(

N
:I

o.

I

I
I _J. _._ 2O,"!_,,'J

_.'_ I

_ _v_._

•_'. _!_ ...
": _1' _'I_ "_ '_ "'

-_:_ _'i.. _ _ _ ',_

_ ,.._: w_Z _ _ 3 _

I ['_,.gn ._f,'_)

_ At_9/.;,,
I ,o

'"PI -
I _ _

%

I ,,b' ,,.I

I ;'_,_"_ "" "

.L t7 ._,/._M

_ , ,_.57.S,,o

I:: i:1
, o.,

,
_4

t,".,.,,_.4 _tL.-:,.t I"



!

f

t

.

' U

k!-

%

11+ _'I 11

lii, 7"11

,_ ,._ ,_ _,_ % '

iii

°

|:



J_

--.,,.

,

;' p!

_r

k

o

I
k

A % '/

_"_t

_,.'.,v" Z, "','." '..'.;

i

,_i i _._,tvn _..V._7:. ?_9

" E }_z;%.--Gv.t-_

• li '.z

Ill.... ' J

3S, P',£;_9

',,I i b ........

L _-. 9_7n0 4

'_I " _ _ _ "' "_:_ o_ _l_o_, _, ,. _ . _'. _, _, .
, 9rv/lr/:2

i 2Z_- .97,!I-JO 91172_

b
%b

t,

(b
%J

,,i

",

,., ,, .... .|

,,.L

I 1 1 t

!

i

• i

J , 7,1 l

! _, !i ._ i ": "7 _ , .
• ,)

-'_ " _" ," r" _ _ ,,

"% ._ 4

_'_ _ ,_
I,,.¢ ,_

,_ I_ 0 ,_

;i



:CO
_===_

LLI

:I..3

iu.j
:¢,._J

:I.L

:I..LI
:l"--

:lad
:I--'-

O0

.--I

i====¢

W

>-
-I-

z

_.J

._..I
z .._I

z
>-

I--

I.-- _ D.. I_i_I

I-.- ILl ---I

_- c_ ( N

z

P=

LLI

z
1.4J

_..I >-

I.--- ,.--,
I..LJ o _-

,,=::E

z
-r--
(._..)
ELI
!.---

._ ..... "rrl __ I III

0
I

0
I

0
c',,4

cO

t



_o
V-.

',D

eO

_o_

l..-

"*J I_

L I I

I

.Z_.,_-_,"5",_'0_

Gi _tan .I r¢__?_.)¢117'03

_3d _2 'Nn

_ o g. ,P,t_ ",

.3.H_31_M

,.e (£,_n_,/w)

.Zl'1_l__l.#

b? 171,__.Z P'I,¢'

_/V_OOZd

2_31_io

?_no

4--

_, ._. %-

"_-_ i_. _

._. . ._ _.

__

A

8

e.
_-_.

I I I

r',, {h C'_

_-,I

i

l



lu

C'41
! I

• UO UO O0
OO ,--I

I--
OC

(_.)

(.D

_OO

i_--4

CD
W

U_ CD
OO

L__

O
CO
,,-I

,.--I

•=X Z

._. _2

--r- I--- UuJ

Z
W ILl

.-J

(._)
I----4

(.,'9
>-
-r-
13..

__ • _ . i i i ....

_J

_-- __j
--_ >_
z :_i

w
.-J r-Q

o

.3

(_)

z

W
F--

m-

O
I

o
I

CD
(',4

oO

_._J

t _

]._

i-:



°

=

i ,
i

t.'.

I,,,.

I"

t.:l

_D

,q
t_
b

_b

1,1.1

0

J

'.,D

e!

',,J _1

I.,,,

Io

,,.D
_o

Io

g_

Q_

I.-

ij

i #

IL

.'-9
I

_ "'I. :" r'"

t' _.'. ° 4.

2,'_' _'

-..;_./,._____:;-,-:.G'._f.z'.,_:,,.,L _"

_l/tsn ..'vJ?_/,/n03 L

(_3t_rw -.,/ero,;

,¢

i "-..4"...

"!

3D_9

-;_,r,o

O.,L _Mi /','O;I*

[wi Vd

.-.._ _-_
4.. _ .% ._ _) .= :._

....
_1 4.- '_

,",: _',_. :4 _ t,,' N _ , i:k t<

,, ,, _ _'

_J

£_.',<

v _J

_7_/:-d._- _.rl

.=

t.

!b,

:i
li



7

!!!"

M I.,3I/I

;.:



..,,,

II t,)

I-,,.

I

ill
II

to __

'"11.117 _i

gL_

M

t3

t_

to

•_-._ _ _

-x-7 i r : 7"or_,'.'.'

•),.¢,.' _,-' ;,.,'q," '..j

(_.IINI3 _ N3")_-; 2tl")_

_'93t1#3/_

.d __l V¢

_2_A C./: _jlv/.I.l:;'_3dO

%

I

I

i

I
t

!

i
I
I.
t

\ N i

b. i

t,.

t

4.

ii;

i'-



II

il
ii

¢
-.| ,



• :..."-..-

I ,

!!ii
|

i
I

!

t
i
I
I

!

I
i

i
!

I

I'i
i

"f

I

i °

I"



5

Y

,{



I

II

_--,cd..,_?



._;

.__._

p

I I 1 l

k

I

t
t

I

I

i

I

.._2
1

_.._I
!
!

l'+
t
I

I

s

t
I

• t

!

!

I

!.

oo



8.7 FLIGHT SCHEDULES

Included in support of our flight schedule definition for concept

410AD-2 at the following tables:

o Fleet Size and Vehicle Usage

o Kick Stage Usage

o Flight Element Requirements

o Kick Stage Definition

o Payloads Flown

o Flight Operations Buildup

o Programmatic Data Summary
Storable Tug Concept 4lOAD-2
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8. 9 Risk Assessment

In making an assessment of the risk associated with each configuration in

each capability option we have considered the type of technology items associated

with each vehicle and the impsn.t that it would have on the program if, for ode

reason or another_ the it_n would be unavailable and an alternative solntion we_ild

be reqllired. The impact is defined, usually, in terms of added weight, lost per-

formance'and total progrHm cost increase; in some cases the impact can be deeres, sed

weight or reduced cost.

It is assumed that all of the weight increases and all of the cost increa._es

will occur simultaneously without benefit of any offsetting decreases in either

weight or cost. For ex8mple in confiKuration IIOA-I we have ass_nned that the ._lllb.

weight impact of abandoning spun a]tunimlm tanks in favor of welded aluminum to,d_s

is combined with a ,_i0.0 million cost increase as a result of abandoning al1_in, Jm

tanks in favor of titanilnn tanks due to materials compatibility or fracture mechanics

issues.

Taking the summation of all the weight increases, these are converted to costs

by using the S75K/ib.figure derived when we were first selecting s_]bsystem options

for incorporation with IIOA-I. The $75K/ib. number represents the last step

(actually the slope of the line) in our subsystems synthesis process which provides

a curve of A weight versus _ total program costs as we added lighter and more

costly subsystems options to achieve a behicle with 3500 lb. deploy capabi]i!;y. In

this manner we arrived at a estimate of the costs expected if we llad to recover the

weight growth.

In similar fashion we then mmnned all of the potential cost incr6ases, ignoril_

any offsetting cost decreases, and added these to the dollars represent_ing the weight

increases. The IIOA-I has no projected performance loss since it uses the 0_ 7.5K

engine; the assumption is that the basic O_E will have been developed +,o meet iis

weight, performance and reusability goals for the Shuttle Orbiter. In the cane of

configurations which use the Class I engine, for example hlOAD-2, we have asm, med

that a 3 second Isp performance loss is pessible. To convert this performance less

to costs we use the payload sensitivity factor to loss in Isp (?7 ]bs/sec)_ dJ,_ide

this by the payload sensitivity to inert weight and then mu]tip}" by $111/Ib. to

convert it to costs.

Taking all of the costs and adding them together we get a total low cost risk

value of _15.3M for llOA-1 which ranges to a high value of 94.3M for 32OA-3A/

B2OAE-3A.
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Section 8.10 Supporting Research and Technology

This section includes a summary matrix chart which identifies all of the

SR & T items and where they are applied to each configuration in each capability

option.

Following the summary matrix there are individual tables for each configura-

tion which s_marize the technology items for that particular configuration and

give a very brief synopsis of the type of SR & T program proposed and the estimated

funding and schedule requirements. The text following each table is the facing

page text prepared for the main presentation.

Following the tables for each configuration, an additional form is filled out

for each technology item providing status information, justification for the pro-

posed SR & T program, objectives, technical approach, and a more detailed schedule

showing when the proposed program must be completed in order to support the parti-

cular configuration.

In dealing with the subject of SR & T we have identified two distinct groups -

one where technology is needed and the other where there is no doubt that the

technology is available and it is a straightforward engineering task to accumulate

data that will preclude making a "false start" where several alternates are under

study; we have called the latter group "desired data".

The storable Tug will benefit from the fact that the APOLLO LMprogramhas

.....used similar materials, propellants, equipments and procedures; the Shuttle

Orbiter will expand on this data base for the Tug. The low number of identified

SR & T items and the modestsums projected are based on the assumption that several

existing or planned efforts related to the Shuttle will continue to provide data.
.._heseinclude the planned propellant and materials compatibility testing in support

of the Shuttle Orbital Y_neuvering Subsystem, its engines, tanks and components

both at NASA/WSTF and at the Shuttle contractor's facilities. In addition, we have

identified the Air Force funded efforts to develop the advanced Micron IMU for

aircraft programsjas an effort which we would build-on rather than to start from
scratch.

We have not attempted to detail the SR & T programs required on the Class I

engine (with or withoutthe two position nozzle) except to point out the uncer-

tainty associated with the anticipated engine life and the predicted performance

of very high expansion ratios within the mixture ratio of interest. The engine

contractor will provide the proposed SR & T efforts required on the engine

and we will provide comments on same at NASA's request.

The overall "message" which we hope will become obvious to the reader is

that there are no real "show-stoppers" among the SR & T items identified.
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8.11 SPECIAL COST SENSITIVITIES

REFERENCE:

Due to the size and development of the Special

Cost Sensitivities analysis, eeference is made herein

to Part i, concept IIOA-I, para. 8.11 of

Volume 8.



8.13 COST ESTIMATING METHODOLOGY



WBS ELD_V_

ESTIMATING TECH_i_UE APPLIED

D_&E PRODUCTION OPN

320-01 ProJ. Mans_ement

320-02 Syst Eng & Integ

320-03-01 Structure

320-03-02 Thermal Insul

320-03-03 Avionics

320-03-0_ Propulsion

320-03-05 Orbiter Inter-
face

320-03-06 DropT_aks

320-03-07 Final Assy &
c/o

320-04-01 Structure

320-04-02 Thermal Insul

320-04-03 Avionics

323-04-04 Propulsion

320-0_-o5 Inters_
Interface

320-04-06 Drop Tanks

32o-o_-o7 m_

320-04-08 AES

320-04-09 DES

320-04-10 Cache Tank

320-04-11 Final Assy &
c/o

320-05 Logistics

320-06 Facilities

320-07 GSE

320-08 Vehicle Test

320-09 Launch Ops WTR

320-10 Launch Ops ETR

CER's Based on LM Experience

Same as 320-01

CER's Lower Level Analysis

Same as 320-03-01

Vendor Est/Manpower_rap-
around

Gov't Est_endor Est_rap-
around

CER's Vendor Est/Wraparound

Same as 320-01

Same as 320-03-01

Same as 320-03-02

Same as 320-03-03

Same as 320-03-04

Same as 320-O3-01

Gov't est, CER's Vendor
Est, wraparound

sameas 32o-o_-o7

Same as 320-0_-07

N/A

Same as 320-03-07

CERIs

CER's

CER's,and End_Item analysis

CER's,Manpower Loading

_/A

N/A

/X /j.

Same as DIE&E

Same as 320-01

Same as DUE&E

Same as 320-03
-O1

Same as DU_&E

Same as DIE&E

Same as 320-01

Same as 320-03
-01

Same as 320-03
-02

Same as 320-03

-03

Same as 320-03
-o_

Same as 320-03
-01

N/A

Same as DIE_E

Same as 320-04

-07

Ssme as 320-04

-07

N/A
Same as 320-03

-07

Same as DIE_E

Same as DIE&E

Same as DIE&E

Same as DU_&E

Same as 320-01

_/A

N/A

_/A

Same as DIE&E

./A

./A

./A

s_ as 3_0-03-0_

./A

Same as DIE&E

Same as 320-04-07

Same as 320_-07

_/A

./A
Same as IEE&E

Same as DIE&E

Same as DD_&E

Manpower Leadi.6

Manpower Loading



I

I

_3_ ELD_

320-11

320-12

32o-13

320-i_.

Fit O_ D0D

Flt O_ _

Ref & Int, Ist TR

Ref & Int, 2n_ TR

DD_&E

CER's & Manpower Loading

Same as 320-11

_fA
./A

/£--P. J3 - 3

PRODUCTION

_/A

OPN

Same as DDT&E

Same as DDT&E

Manpower Loading

Manpower Lo_

i



COST = A (_ASE)B

PROJECT MG_T.

SE &E

STRUCTURE

SPUN AL. TANKS

TI TANKS

BODY SHELL

THRUST STRUCTURE

METEOROID SHIELD

PAYLOAD INTERFACE

PROPULSION

ACPS THRUSTERS

ACPS SD-PPORT

EPS WIRING

ORBITER INTERFACE,
STRUCTURE

FINAL ASSY & C/O

PROGRAM

BASIS

IM

LM

LM

IM

LM

LM

LM

BASE
A A

DDT&.E PROD

VEH COST

LESS ENG.

B B
DDT&E PROD

VEH COST

LESS ENG.

EIGHT

.i .09 1 1

•13 .08 1 1

VENDOR
COST

124 15 .71 .61

140 24.3 .71 .61

25 2.8 .71 .61

5.5 0.4 1 1

5.5 .h7 1 1

37.2 3.h 1 1

2 1.66 -7 .7

1.84

(WEIghT) 39.7 7 .7 .7

WEIGHT 5-5 ,4 i I

•5_ .18 1 1VEHCOST

J2-@.13-4


